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Abstract
The purpose of this study was to investigate the possibility of association between periodontitis 
and acute myocardial infarction among North Indian adults. Literature review indicates major 
knowledge gaps regarding association between AMI and periodontitis in context of north Indian 
population. In fact, to researcher’s knowledge this study is the first study investigating the 
possibility of this association among North Indian subjects. This quantitative study utilized 1:1 
matched case-control design. The oral health status of 40 cases (AMI patients) was compared 
with 40 cardiovascular healthy controls (trauma patients). After adjusting for major confounders 
periodontitis was found to be associated with odds ratio of 6.996. Values of Mann-Whitney U, 
for DMFT, CPI and LOA scores were as follows: (DMFT Z=-3.825, P=0.000), (CPI Z=-4.634, 
P=0.000) and (LOA Z=-4.326, P=0.000).Among the north Indian subjects of this study, 
researcher found strong evidence of association between periodontitis and AMI.
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1Chapter One 
Introduction
Cardiovascular diseases (CVDs) particularly myocardial infarction is the leading cause of 
death worldwide. These diseases are caused by “disorders of the heart and blood vessels”, and 
principally include myocardial infarction, hypertension, peripheral artery disease, rheumatic 
heart disease, infective endocarditis and congenital heart diseases (W.H.O., 2011; W.H.O.,
2005). Annually, more people in the world die of CVDs, particularly acute myocardial infarction 
and stroke, than any other form of illness (Anand & Yusuf, 2011; W.H.O., 2011). According to 
the W.H.O. medicare factsheet, 17.3 million people died of CVDs in 2008, representing 30% of 
all global deaths. It has been estimated that by 2030 almost 25 million people will die of CVDs. 
Further, the demographic, health, and social impacts of these diseases will increase over the next 
few decades due to the aging of the population, and will pose a major public health challenge 
(W.H.O., 2013).Thus, cardiovascular diseases are expected to remain the predominant cause of 
deaths globally.
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Figure J : Principle causes of death worldwide: Total deaths, 58 million, 2005 . Retrieved from 
W.H.O., 2005.
Further, this impact is disproportionate between low-middle income countries and high- 
income countries. The low-middle income countries are reported to be affected severely (Iqbal,
& Avezum, 2011). More than 80% of CVD mortalities take place in low-middle income 
countries such as India and are reported to equal affect both the genders (W.H.O., 2011, 2013).
In 2008, CVDs accounted for around one-fourth of all deaths in India. According to the Global 
Status on Non-Communicable Diseases Report (2011), various forms of CVDs caused more than 
2.5 million deaths in India in 2008. Two-thirds of these mortalities were due to myocardial 
infarction and one-third was due to stroke (W.H.O.2010). In India, myocardial events are 
expected to be the fastest growing cause of deaths between 2005 and 2015 (International Heart 
Protection Summit, ASSACHOM, 2011; W.H.O., 2011). Figure 2 below, demonstrates an 
alarming increase in the cardiovascular disease mortality rate in India, from 1990 to 2020.
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Figure 2\ Projection of CVD mortality in India. Retrieved from Ghaffar et al. (2004). 
Acute myocardial infarction (AMI) is generally known as heart attack. AMI is caused by 
damage and destruction of the heart muscles due to partial interruption of blood supply to that 
particular part. The major causes of acute myocardial infarction include high cholesterol, tobacco
3use (both smokeless and smoking tobacco), physical inactivity, unhealthy diet and harmful use of 
alcohol (Ounpuu, Negassa, Yusuf, 2001; Parmar, Sangwan, Vashi, Kulkami, & Kumar, 2008; 
Tezal, Grossi, Ho, & Genco, 2004; W.H.O. 2010). However, epidemiologic and pathologic 
studies suggest that only about 56-66% of cardiovascular risk is explained by classic risk factors 
(Magnus, Beaglehole, 2001; Nieto, 1999; Yusuf et al., 2004). There is also a number of 
additional and unknown underlying social and pathophysiological determinants, or “the causes of 
the causes.”
In order to prevent and manage the onset of the huge AMI epidemic (Bernard, Karen, 
Bongani, & Salim, 2010), there is a crucial need to explore different dependent and independent 
risk factors of AMI as well as its relationship with other systemic diseases and ill health 
conditions. One such possible relationship could be an association between acute myocardial 
infarction and periodontal diseases. A large body of literature indicates a possibility of this 
association (Briggs, 2006; Buhlin, Gustafsson, Hakansson, Kling, 2002; Dirk Ziebolz et al.,
2011; Machuca, 2012; Willershausen, Kasaj, Willershausen, & Zahorka, 2009). Oral diseases, 
such as gum and periodontal diseases are also prevalent among middle-aged and elderly 
individuals worldwide. Again, periodontal disease prevalence predominates “among poor and 
disadvantaged population subgroups” of low and middle-income countries (W.H.O., 2012). A 
multi-centric oral health survey in India reported that almost 100% of the adult population (35- 
74) o f North India suffers from mild forms of periodontitis; whereas, the prevalence of moderate 
to severe periodontitis was reported to be approximately 75% (W.H.O., 2004).
Figure 3 below demonstrates the mean percentage of 35-44 year olds by maximum 
community periodontal index scores according to W.H.O. regions.
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Figure 3: Mean percentage of 35-44 year olds by maximum community periodontal index scores 
according to W.H.O. regions. Retrieved from W.H.O. Global oral health data bank and W.H.O. 
oral health country/area profile programme (Petersen, 2000, p.332).
As illustrated in the figure above, moderate form of periodontitis (score 2) was found in 
more than 50% of population in these regions, and 5-15 % of population suffered from severe 
form of periodontal disease ( score 4). Such a high prevalence of periodontal diseases in the 
general population indicates that even if there were a mild association between these two 
conditions (oral health and CVD), the impact would be wide and large. Further, in developing 
countries, such as India where the prevalence of CVD and dental diseases is comparatively very 
high, the impact would be more profound. Thus, quantifying the association between these two 
conditions is o f significant public health importance.
Periodontitis shares some common risk factors with CVDs, such as tobacco use, diabetes, 
an unhealthy diet high in sugar and fats, and heavy alcohol consumption. This is suspected to be 
the reason behind an observed association between the two conditions (Armitage, 2000). 
However, the question as to what extent the relationship is explained by the common risk factors 
is still unanswered. Further, the strength and degree of association and cause to effect 
relationship is also under research and has yet to be established. The role of several confounders
5such as smoking, hypertension, diabetes, etc, is suspected to be the root cause of this association 
(Fadel, 2012; Tuominen et al., 2003). Seven meta-analyses and systemic reviews available so far 
show noteworthy heterogeneity in the relationship between periodontitis and acute myocardial 
infarction, proposing the requirement for further studies including distinctive population 
subgroups. (Blaizot, Vergnes, Nuwwareh, Amar & Sixou, 2009; Ford, Yamazaki & Seymour, 
2007; Guiglia et al., 2008; Humagain, Nayak & Uppoor, 2006; Janket, Baird, Chuang & Jones, 
2003; Lockhart et al., 2010; Madianos, Bobetsis & Kinane, 2002). Further, researches also 
indicate the role of race to explain the heterogeneity in association to some extent (Mucci et al., 
2009; Suzuki, Aoyama, Ogawa, Hirata, & Isobe, 2010). According to Armitage et al. (2008), 
genetic differences between races could be a root cause of these disparities. As the studies 
conducted so far have involved diverse population groups and have come up with distinctive 
results, extending from presence of significant relationship between AMI and periodontitis to 
lack of any possible association between these two conditions (Gersh, Sliwa, Mayosi, & Yusuf, 
2010).
Thus, in order to assess and explore the relationship between these two conditions, it is 
crucial to conduct studies worldwide with different ethnic groups and populations. Very few 
studies have been reported on South Asian populations and additionally, only a few have 
assessed oral health status of acute myocardial infarction patients in a comprehensive manner. 
Further, to date, not even a single research study has been conducted to address the probability of 
this association in the context of North Indian population, a population of around 543,937,430, 
spread over the area of 1,420,540 km. Therefore, in order to serve this cause and to explore 
whether or not the association between periodontitis and acute myocardial infarction is fully or 
partially explained by the several underlying confounders, the researcher proposed this research
6question. The aim of this study was to assess the strength of this association in the context of 
North Indian population and to provide baseline data for further research. Utilizing a matched 
case-control research design, this study attempted to explore the extent to which the relationship 
between periodontitis and AMI is explained by the role of confounders, such as diabetes, 
hypertension, tobacco use, genetics, age, BMI, and alcohol consumption (Muller, 2001; Tezal, 
Grossi, Ho & Genco, 2004).
Finding a valid association between these two conditions might be useful in planning 
control or preventive measures against cardiovascular diseases. Assessing the association 
between AMI and periodontal disease is significant since presence of an independent association 
could imply that improved management o f periodontal diseases can reduce the risk of 
cardiovascular diseases including AMI (Hujoel et al., 2000). Given this, the purpose of this study 
was to investigate the association between periodontitis and acute myocardial infarction among 
North Indian adults (25 years or older).
Definition of Outcome and Predictor Variables
The outcome variable is defined as acute myocardial infarction event diagnosed and 
confirmed by the Department of Cardiology, Mahatma Gandhi Memorial Government (MGMG) 
hospital, Rajasthan, India. The data related to the presence and absence of outcome/dependent 
variable was retrieved from the hospital records.
The independent variable, periodontitis, is defined as irreversible destructive periodontal 
pathology diagnosed by decayed missing and filled tooth index (DMFT index) and community 
periodontal index (CPI). All these clinical indices were recorded by an external examiner (a 
dentist) who was unaware of subjects’ case-control status.
7Confounding variables
Based on the review of literature, the following variables were considered as confounders 
in assessing the association between periodontitis and AMI: age, gender, diabetes, tobacco use, 
alcohol drinking, hypertension, family history of cardiovascular diseases, BMI, socioeconomic 
status determined by education level, monthly family income and occupation type, exercise and 
dietary habits.
Research Questions
Is there an independent relationship (a true relationship that is not due to major 
confounding variables) between acute myocardial infarction and periodontitis?
Is there a significant difference between cases and controls in terms of variables 
indicating poor periodontal health such as number of decayed missing and filled teeth and 
clinical loss of periodontal attachment?
Hypotheses
After considering the possible explanations and major confounding variables, there is an 
independent association between periodontitis and acute-myocardial infarction.
There a significant difference between cases and controls in terms of variables indicating 
poor periodontal health such as number of decayed missing and filled teeth and clinical loss of 
periodontal attachment.
8Chapter Two 
Literature review
Cardiovascular diseases including myocardial infarction have been projected to become 
the predominant cause of death worldwide, by 2020. Being responsible for more than 3 million 
deaths every year, CVDs are taking the form of an epidemic in India (Jha, Gajalakshmi, Gupta, 
Kumar, & Peto, 2006; Kaisare, Rao, & Dubashi, 2007). In order to identify previous literature 
pertinent to the issue of linkages between periodontal diseases and cardiovascular diseases, 
particularly periodontitis and myocardial infarction, an electronic search for Pub Med, 
MEDLINE, and Canadian Best Practices Portal was conducted. The search strategy applied was 
as follows: Periodontitis AND (Cardiovascular diseases) OR (myocardial infarction) OR (acute 
myocardial infarction) OR (coronary heart diseases) OR (South Asia) OR (India) OR (North 
India). In addition, the reference lists given in the articles were also considered. An initial 
screening was based on the title and the abstract. The final screening consisted of an evaluation 
of full-text reports and assessment of studies that could meet the inclusion criteria.
Inclusion and Exclusion Criteria
Types of publications. Research reports, literature reviews and meta-analyses.
Type of studies. The studies included for review were not limited to any specific type. 
Data from various cross sectional, case control, and cohort studies were included for review.
Age of participant. The studies that were done with adult populations only.
Geographical areas. Selected literature was not restricted to any particular geographic 
area or country. Data from numerous researches conducted worldwide in various countries were 
included. However, specific attention was paid to literature from South Asian countries, 
specifically India.
Language. Only reports published in English were included in the study.
Myocardial Infarction-Epidemiology and Risk Factors
Epidemiology. Cardiovascular disease as a whole is an umbrella term. It includes a wide 
range of acute and chronic medical conditions affecting one or more components of the heart 
resulting in its abnormal functioning. Out of these conditions, myocardial infarction is a common 
presentation of ischemic heart, and was responsible for approximately 12.6% of deaths 
worldwide in 2002 (W.H.O., 2011). Myocardial infarction is the predominant cause of death in 
both developed and developing countries. In developing countries, it is the third leading cause of 
death after AIDS and lower respiratory infections (Deedwania, & Gupta, 2012; Sharma, & 
Kumar, 2005; W.H.O., 2011). Among North Indians, the prevalence of coronary artery diseases 
(CAD) including myocardial infarction was reported to be equal to that of CVD prevalence in 
the US population in 1968, when the US was at the peak of the CVDs (Ezatt et al., 2004,
W.H.O., 2004). In this population subgroup, the prevalence of most of the CVD risk factors is 
markedly high and is increasing with time (Gupta, Joshi, Mohan, Reddy & Yusuf, 2008; 
Sridharan et al., 2009). In India, mortality attributable to CVD is expected to rise by 103% in 
men and 90% in women between 1985 and 2015 (Bulatao & Stephens, 2007; Mohan,
Janarthanan & Pradeepa, 2010). According to Leeder (2014), between 2000 and 2030, 
approximately 35% of all CVD mortalities will take place in India, compared with only 12% in 
the United States and 22% in China (Leeder, 2014). Moreover, morbidity and mortality statistics 
denote significant regional variations in AMI disease prevalence and death rates throughout India 
(Gupta, Guptha, Sharma, & Deedwania, 2012, Mony, 2010). However, till date, no nationwide 
study has been conducted in India that has utilized standardized methodologies to evaluate 
regional variations in the CVD mortality rates and underlying risk factors (Gupta, Guptha,
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Sharma, & Deedwania, 2012). Yet, some older individual studies have reported substantial 
regional variations in CVD mortality in India. For instance, a study involving army recruits 
belonging to different states reported that participants from North India had higher mean levels 
of blood pressure as compared to those from South Indian states (Chopra et al, 1940). Further, 
keeping in mind the end goal to investigate the variations in cardiovascular death rates and 
dietary propensities in diverse areas of India, Malhotra et al., (1968) conducted a study among 
Indian railway employees and reported a greater cardiovascular mortality among North Indian 
railway employees. This higher mortality rate was attributed to the higher consumption o f 
calories and dietary fats.
At a macro-level, regional differences in CVD mortality can be correlated to cross-state 
variations in dietary habits and other traditional risk factors (Gupta, Misra, Pais, Rastogi &
Gupta, 2006; Pandey, Gupta, Gupta, Rao & Menon, 2011). However, in order to conduct valid 
correlational studies, there is a crucial need to explore all the possible risk factors for CVDs and 
variations in their prevalence across different regions of India. Also, there is a need to determine 
the “causes of the cause” or upstream social determinants of health and to correlate their regional 
distributional variations with that of CVD mortality by using a uniform protocol.
Nevertheless, studies worldwide also reported that South Asian ethnic groups have a 
higher risk of AMI. South Asians are reported to have 40-60% higher risk of AMI-related 
mortality as compared to other populations (Enas & Yusuf, 1999; Joshi, Cardona, Iyengar, 
Sukumar, & Neal, 2006; Sharma & Kumar, 2005). World-wide reports on cardiovascular diseases 
afflicting Indians have shown that “Asian Indians are at 3-4 times higher risk of CAD than white 
Americans, 6 times higher than Chinese, and 20 times higher than Japanese” (Jyoti, Poonam, 
Sharanjit & Ashok, 2013). Various studies done in the UK also reported the highest recorded
11
rates of AMI mortality in people bom in India, Pakistan, and Bangladesh (Enas et al., 1998; Ezatt 
et a l, 2004; W.H.O., 2004).
Figure 4 below demonstrates the amount of Disability Adjusted Life Years (DALYs) lost 
due to CVDs in India from 1990 to 2020. DALYs represents the sum of years of potential life 
lost due to premature mortality (W.H.O., n.d.).
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Figure 4: Increasing burden of CVDs in India. Retrieved from W.H.O., n.d.
Risk factors. Seven well-established AMI risk factors have been identified that are 
responsible for the development of atherosclerosis, plaque, and myocardial infarction including, 
hyperlipidemia, diabetes mellitus, smoking, hypertension, age, family history, and male gender 
(Keil, 2000; Wood, 2001).The existence of any of the above mentioned risk factors is found to 
be associated with multiplying the relative risk of developing acute myocardial infarction by the 
fraction of two. Some other variables such as obesity, metabolic syndrome, and chronic kidney 
diseases are considered as non-traditional and are less established risk factors for AMI (Culic, 
2007; Ismail et al., 2004; Thankappan et al., 2010). Many of these risk factors are modifiable;
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therefore, most of the myocardial infarction incidents are preventable. For example, obesity can 
be managed by maintaining a healthier lifestyle and by incorporating more physical activity in 
daily routine, which can in turn lower the risk profile for AMI. Yet, some of the risk factors are 
non-modifiable, such as age, gender, family history of cardiovascular pathology, and genetic 
predisposition (Merry et al., 2011). Out of all the above mentioned risk factors, aging is 
considered as a dominant risk factor for AMI. Aging leads to various functional and structural 
changes in the arteries, such as increase in arterial wall thickness, wall stiffness, and decrease in 
arterial diameter leading to stagnation in blood flow. These physiological changes result in 
increased risk of AMI event. Other than aging, hyperlipidemia is also considered as a major risk 
factor for AMI since cholesterol is a major component of the atherosclerotic plaque associated 
with AMI. The elevated serum levels of low-density lipoprotein cholesterol (LDL-C) and non- 
high-density lipoprotein cholesterol (HDL-C) are found to be significantly associated with 
increased risk of acute myocardial infarction (Gupta et al., 2008; Oomi, & Kovanen, 2008). 
HDL-C value of less than 40 mg/dL significantly increases the risk for both atherosclerosis and 
AMI (Elboudwarej, Hojjat, Safarpoor, Vazirian, & Ahmadi, 2011; Cutler et al., 2000; Shepherd, 
2005).
Family history of CDV or genetic vulnerability to CVDs is also a widely established risk 
factor for AMI. Individuals with a family history of ischemic heart disease (IHD) in first-degree 
relative are reported to have a higher risk for AMI. The etiology of familial coronary events 
includes both genetic as well as environmental components and appears to be multifactorial in 
nature. Environmental factors include dietary habits, smoking, alcoholism, and general health 
practices (Bertuzzi, Negri, Tavani, Vecchia, 2003; Merry et al., 2011). Further, both systolic and 
diastolic hypertension has consistently been reported to be associated with an increased risk of
13
AMI. The control of hypertension has been shown to significantly reduce the risk of AMI (Keil 
et al., 2000; Pedrinelli et al., 2012; Rakugi et al., 1996). Some of the other major risk factors 
associated with AMI events are diabetes mellitus, gender, tobacco use, obesity, low 
socioeconomic status and race.
Periodontitis- Epidemiology and Risk Factors
Periodontal disease refers “to any disorder of the tissues surrounding and supporting the 
teeth, i.e. the periodontium. In principle, these disorders may be of developmental, inflammatory, 
traumatic, neoplastic, genetic, or metabolic origin” (Armitage, 1999, p. 17). The disorders of 
inflammatory origin, including gingivitis and periodontitis are most common and frequently are 
discussed in literature. Both gingivitis and periodontitis are the most prevalent human microbial 
diseases worldwide. Gingivitis is basically defined as inflammatory diseases of the gingival 
tissues which is non-destructive in nature. Basically, it is an inflammatory response to bacterial 
biofilms/dental plaque. In the absence of treatment, gingivitis may further progress to 
periodontitis, which is a “destructive form of periodontal disease” (Lang, Schatzle, Loe, 2009; 
Schatzl et al, 2003). Periodontitis refers to the destruction of the structural component of the 
periodontium (tooth supporting tissue) due to “the immune-inflammatory response, generated 
due to chronic presence of plaque” (Schatzle et al., 2003).
Epidemiology. According to the W.H.O., an estimated 15-20% of middle-aged adults 
worldwide suffer from severe forms of periodontal diseases, which may result in loss of teeth 
(W.H.O., 2011). However, the prevalence of periodontitis is significantly higher among South 
Asian populations. Albandar and Rams (2000) concluded that people of Asian ethnicity have the 
third highest prevalence rate of periodontitis. Further, according to a past survey conducted by 
the W.H.O., the prevalence of mild periodontal diseases in India was observed to be almost
14
100% (Shaju, Zade, & Das, 2001). As per this survey, 80-90% of people above the age of 15 
years suffer from moderate-severe form of periodontal diseases. Further, according to the first 
national-level epidemiological survey of India (National Oral Health Survey and Fluoride 
Mapping, 2002-2003), the prevalence of periodontitis was “57%, 67.7%, 89.6%, and 79.9% in 
the age groups of 12,15, 35-44, and 65-74 years, respectively” (Mathur & Talwar, 2003). The 
prevalence of disease was reported to increase by age. Later on, with a goal to collect “baseline 
data of the oral diseases burden and related risk profile”, a multi-centric oral health survey was 
conducted under the Government o f India and World Health Organization collaborative program 
on oral health (W.H.O., 2004). This survey categorized populations into four age groups (12, 15, 
35-44 & 65-74) and the survey was conducted in seven different states of India, including, 
Arunachal Pradesh, Delhi, Maharashtra, Puducherry, Rajasthan, Orissa, and Uttar Pradesh. From 
each survey site 3,200 subjects were recruited; thus a big sample with a total of 22,400 subjects 
was recruited from both rural and urban zones of the selected regions. Among the studied age 
groups, highest prevalence (100%) of mild periodontitis was reported among the age groups of 
35-44yrs and 65-74yrs in Rajasthan, a northern state of India. Further, the prevalence of loss of 
attachment (moderate-severe periodontitis) was also significantly higher (75%) in Rajasthan 
(Shaju, Zade, & Manas, 2011).
Symptoms. Periodontitis is a destructive disease of the bone and surrounding 
periodontium leading to premature loss of teeth. Loose teeth, root exposure (gingival recession), 
bleeding and swelling of the gums, sometimes painful gum and tooth sensitivity are the possible 
symptoms of the periodontitis. Literature also indicate that possibly periodontitis also plays a 
underlying role in modifying or extenuating may systemic diseases including myocardial 
infarction, infective endocarditis, autoimmune diseases and other inflammatory diseases (Fenesy,
15
1998).
However, the final clinical presentation of periodontitis depends on the host response and 
host defense. It is suggested that host defense can be affected by lifestyle, biological, systemic 
and socio-environmental factors. Thus, the final clinical presentation o f periodontal disease 
varies from person to person (Timmerman & Weijden, 2006).
Risk factors. Periodontitis is considered multifactorial in nature. A number of factors, 
such as poor oral hygiene, specific plaque bacteria, smoking, systemic conditions (e.g., diabetes), 
aging and a susceptible host contribute to its onset and progression (Nunn, 2003; Thomas, Dyke 
& Dave, 2005; Velden et al., 2006). Classical experimental studies have shown that the level of 
oral hygiene positively correlated to the prevalence and severity of periodontitis (Fadel, 2012). 
Poor oral hygiene that leads to the accumulation of plaque around the tooth tissues is considered 
as the root cause of periodontitis. Removal of plaque can lead to disappearance of clinical 
manifestations to a certain extent. However, unlike gingivitis, which is a completely reversible 
condition, periodontitis is an irreversible condition and requires more extensive treatment 
(Ekstein, Shapira & Van, 2012). In the presence of certain environmental conditions and a 
compromised host, pathogenic microorganisms colonizing in sub gingival plaque lead to 
immune-inflammatory response and periodontal tissue destruction (Thomas, Dyke & Dave,
2005).Thus, maintaining an acceptable level of oral hygiene is a pre-requisite for periodontal 
stability.
Other than poor oral hygiene, the bacteria residing at gingival margin around the tooth 
are principally involved in pathogenesis of periodontitis (Fadel, 2012). Various leukotoxins 
released by these bacteria, along with tissue collagenases, fibrinolysins and other proteases, 
trigger an inflammatory response and lead to infection and destruction of periodontal tissues
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(Haffajee et al., 2004; Wahaidi, 2010). Several species of these periodontopathogenic bacteria 
have been found to be associated with periodontal disease progression, such as Porphyromonas 
gingivalis, Tannerella forsythia and Spirochetes (Paster, Olsen, Aas & Dewhirst, 2000;
Socransky & Haffajee, 2000). However, geographic variation in subgingival bacterial profile has 
been reported in cases of periodontitis. These variations suggest the possibility of the influence 
of environmental, genetic and epi-genetic factors on subgingival bacterial profiles and on the 
onset and progression of periodontitis itself (Cairo, Gaeta & Dorigo, 2004; Hani, 2012; Gibson 
& Genco, 2007).
Additionally, many systemic conditions are also considered as underlying risk factors for 
periodontal diseases (Kuo, Poison & Kang, 2008). For example, diabetes is found to be 
associated with up-regulation of systemic inflammatory markers and local inflammatory markers 
(Khader, Dauod, El-Qaderi, Alkafajei & Batayha, 2006). This up-regulation may result in 
destruction of the periodontal connective tissues and onset of periodontitis (Kuo, Poison & Kang, 
2008). Some of the other key risk factors for periodontitis are smoking, aging, obesity, gender, 
and race. Smoking has an adverse effect on various biological events, such as impaired 
phagocytosis, increased release o f superoxides and cytokinis leading to more pronounced tissue 
destruction and increased risk of periodontitis.
Risk Factors Shared by Periodontitis and AMI (Confounders)
Periodontitis shares a number of common risk factors with AMI for instance, a higher 
incidence in smokers, diabetics, adult males, and individuals with a low socio-economic level. 
According to the most broadly accepted theory (common risk factor hypothesis), the association 
between AMI and periodontitis is because of the fact that both share some common risk factors, 
(Fadel, 2012; Hujoel, Drangsholt, Spiekerman & DeRouen, 2002; Mulle, 2001; Syijanen, 1990).
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Several researchers have indicated that tobacco use is the main confounding factor behind the 
observed association between AMI and periodontitis. According to these researchers incomplete 
adjustment for common risk factors leads to confounding in the study results, and is an 
underlying reason behind reported weak to moderate association between AMI and periodontitis 
(Sujal, Parkar, Gunjan, Modi, &Jalak, 2013). The major risk factors common to both conditions 
are as follows:
Age. Increasing age has been established as the most significant risk factor for AMI. It 
has been reported that subjects under the age of 45 years make up only 10% of the total AMI 
cases; whereas, individuals over 45 years carry eight times greater risk of AMI (Canto et al., 
2012). Moreover, the risk of mortality after AMI incidents is also higher among older individuals 
(Ciruzzi et al., 2002).
Aging is also considered as an independent risk factor for periodontitis. Physiological 
changes associated with aging, such as reduced cell turnover and decreased capacity of tissue 
healing can lead to an increased risk of periodontal disease onset. Further, in addition to the 
aging process itself, longer life span also results in longer exposure time for microorganisms and 
thus increases the risk of periodontitis.
Gender. Male gender is an established risk factor for AMI (Kawano, Soejima, Kojima, 
Kitagawa, & Ogawa, 2006). The incidence of atherosclerotic vascular disease and AMI is higher 
in men as compare to women in all age groups. Males are also more likely to suffer from 
myocardial infarction earlier in their life. This can be explained by the fact that males tends to 
involve in high risk behaviours early in their lives and accumulate an overall higher level o f risk 
factors associated with AMI such as, high risk diet, smoking and drinking . Further, the gender 
difference in AMI incidence attenuates with increasing age (Kober et al, 1996; Moser, Dracup,
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McKinley, Kim & Barnett, 2003).
Gender is also considered as a risk factor for periodontitis. It is reported that due to 
involvement in high risk behaviours men experience higher degree of attachment loss as 
compare to women (Shiau & Reynolds, 2010). Nevertheless, gender differences regarding 
periodontitis become substantially lower after menopause in women. The post-menopausal 
reduction in the level of estrogen is reported to be associated with increased risk o f bone loss 
around the teeth that leads to the onset of periodontitis (Shiau & Reynolds, 2010).
Diabetes. Diabetes mellitus is associated with a higher risk of AMI. Approximately 72% 
of patients with diabetes die of heart or blood vessel disease. It has been reported that the risk of 
developing heart diseases is three to seven times higher among adults with diabetes (Peng, Zhao, 
Zou & Gu, 2011; Tavani, Bertuzzi, Gallus, Negri & Vecchia, 2002). There are several 
pathophysiological mechanisms by which diabetes is reported to increase the risk of AMI. For 
instance, increased inflammatory reaction by higher level of glycation end products, 
dyslipidemia, and endothelial dysfunction induced by diabetes. Both insulin-dependent and non­
insulin dependent diabetes increase the rate of atherosclerotic progression in the heart as well as 
in other areas of the vasculature. In addition, diabetes adversely affects blood cholesterol levels 
(Khader, Dauod, El-Qaderi, Alkafajei & Batayha, 2006; Tenerz, Lonnberg, Berne, Nilsson & 
Leppert, 2001).
Moreover, it is also reported that diabetes mellitus (DM) doubles the risk of progression 
and development of periodontitis. The risk is more profound if the blood glucose level is 
controlled poorly (Mealey, 2006). The pathophysiological mechanism that links these two 
conditions is not fully established; however, immune response and inflammation are reported to 
be the underlying biological factors for both diabetes and periodontitis (Preshaw et al., 2012).
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Obesity. A number of studies reported an association between obesity and periodontitis 
(Krejci & Bissada, 2013; Mathur, Manohar, Shankarapillai, & Pandya, 2011; Suvan, D'Aiuto, 
Moles, Petrie, & Donos, 2011). However, the causal association between these two conditions is 
yet to be established, and more studies are needed to confirm this association.
Obesity, especially abdominal obesity (fat deposition around stomach and abdominal 
areas), is reported to increases the risk for AMI as well. It is reported that insulin resistance and 
low grade inflammatory responses associated with obesity can lead to increase in the risk of AMI 
and other CVD events (Mathur, Manohar, Shankarapillai, & Pandya, 2011).
Race. Significant racial differences are being reported in periodontitis risk worldwide. 
African ethnicity seems to have the highest prevalence of periodontal disease followed by 
Hispanics and Asians (Holmulund et al., 2008). A possible explanation of this diversity can be 
the socioeconomic differences between these population groups. Further, as described by 
Armitage et al. (2008), genetic differences between races could also be a root cause of these 
disparities.
As for periodontitis, there are racial differences in prevalence of AMI (Britt et.al, 2008, 
Leifheit-Limson, et.al, 2013). The prevalence of AMI was reported to be markedly higher for 
blacks than for whites within each age-sex group. Black women had reported to have the greatest 
risk factor burden of AMI and other CVDs (Leifheit-Limson et.al, 2013). Again, the socio­
economic factors are proposed to be the underlying cause. However, some recent studies 
reported genetics as an explanation for these differences (Tezal, Grossi, Ho & Genco, 2004). 
Thus, there is a need of thorough research for finding out the root cause of these ethnical 
differences in AMI disease prevalence.
Smoking. Smoking is probably one of the strongest risk factors shared by both
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periodontal and cardiovascular diseases. Many studies worldwide have indicated a strong co­
relation between smoking and worsening of periodontal health. Smoking is found to be 
independently associated with periodontal attachment loss. In the 5th European Workshop in 
Periodontology, smoking was assigned as a true risk factor for periodontal disease progression 
(Ijzerman et al., 2003; Tonetti & Claffey, 2005). In comparison to non-smokers, smokers tend to 
accumulate significantly larger amounts of plaque, more gingival inflammation and faster 
progression rates of periodontal attachment loss (Schatzle et al., 2010).
Same as for periodontitis, all forms of tobacco use are reported to increase the risk of 
AMI. Certain tobacco components along with tobacco combustion gases can damage blood 
vessel walls and lead to the formation of atherosclerosis resulting in myocardial events. Cigarette 
smoking is a major risk factor for atherosclerosis and AMI. Cigarette smokers are twice as likely 
to experience myocardial infarction as compared to non-smokers (Ambrose & Barua, 2004; 
Ijzerman et al., 2003; Keil, 2000). Increase in risk of developing AMI is reported to be directly 
proportional to the quantity of cigarettes smoked each day. In addition, smokers have two to four 
times higher risk of sudden cardiac death (Oliveira, Barros, Maciel & Lopes, 2007; Teo et al,
2006).
Not only smoking tobacco, but also the use of smokeless or chewing tobacco is found to 
be significantly associated with increased risk of AMI. Chewing tobacco alone doubles the risk 
of AMI events (Ali, Al-Aqeedi & Gehani, 2011; Critchley & Unal, 2003).
Alcohol consumption. Heavy alcohol consumption has been reported as a significant 
risk factor for both periodontitis and AMI. Heavy alcohol consumption can impair the body's 
primary immunologic defense mechanisms to fight with infections. Subsequently, it can lead 
overgrowth of microorganisms in the periodontal hard and soft tissues. These micro-organisms
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invade deeply into the periodontal tissues and cause the extensive destruction of the tooth 
supporting structures and loss of clinical attachment. This clinical attachment loss is reported to 
increase in a dose-dependent manner, depending on the amount of alcohol consumption. It is 
reported that “increasing alcohol consumption from 5 units to 20 units a week increases the risk 
of periodontal disease from 10 percent to 40 percent” (Pitiphat, Merchant, Rimm & Joshipura, 
2003).
Similarly, alcohol consumption appears to play a significant role in the development of 
AMI. Heavy alcohol drinking has been known to cause alcoholic cardiomyopathy (Djousse & 
Gaziano, 2008). According to Laonigro, Michele, Matteo and Emanuele (2009), “people who 
consume more than 90g of alcohol a day for a period of more than 5 years are at risk of 
developing asymptomatic alcoholic cardiomyopathy (ACM)”. Further according to this study, 
“those who continue to consume alcohol may become symptomatic, and develop signs and 
symptoms of heart failure (HF) and acute myocardial infarction (AMI)” (Laonigro, Michele, 
Matteo, & Emanuele, 2009).
Socioeconomic factors. There are various socio-economic factors that increase the risk 
of both periodontal disease and AMI (Jeemon, Reddy, 2010). Low socio-economic status is 
reported to be associated with increased level of high risk behaviours, such as tobacco smoking, 
alcohol drinking, obesity, and malnutrition (Griselda, 2010, Jeemon, Reddy, 2010). All these risk 
behaviours play a significant role in the etiology and progression of both AMI and periodontitis.
Diet. The literature review indicates that both periodontal and cardiovascular disease 
status highly depends upon the dietary habits of the population. As discussed earlier obesity/BMI 
is a significant risk factor for AMI and periodontitis. Many comparison studies conducted in 
India reported that people with mixed dietary habits (non-vegetarian) tend to have higher risk of
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obesity as compare to the vegetarians and thus are at higher risk of developing both AMI and 
periodontitis (Kundu, Mehta, & Rozra, 2011; Nihalini et al., 2011). Further, vegetarian diet is 
also found to reduce the risk o f diabetes, a mutual risk factor for AMI and periodontitis.
However, the causality of this relationship is yet to be proven and more experimental and clinical 
studies are required to explore the underlying mechanism.
In light of this information, this study considered all the above-mentioned mutual risk 
factors as confounders, and either matched or adjusted for them during the data collection and 
analysis processes.
Potential Mechanisms of Association: Other than Common Risk Factor Hypothesis
Other than the common risk factor hypothesis, several other important hypotheses are 
being proposed. These hypotheses indicate possibility of a causal relationship between these two 
conditions, independent of confounding and common risk factor explanation. According to these 
hypotheses, there are mainly four important mechanisms through which periodontal infections 
might contribute to pathogenesis of myocardial infarction: “ 1) effects of endotoxins in the 
circulation, 2) role of heat shock proteins, 3) infection induced perturbations in lipid profiles, and 
4) formation of acute-phase reactants” (Bokhari, 2006).
Periodontal pathogens and their endotoxins. A few hypotheses indicate the direct 
action o f periodontal pathogens in pathogenesis thromboembolic events including AMI. 
According to these hypotheses, endotoxins produced by periodontal pathogens can directly infect 
and injure the endothelial cells, initiate the release of pro-inflammatory mediators and cause 
general endothelial dysfunction, and can induce platelet aggregation and thromboembolic events 
(Holmlund et al., 2011; Stein et al., 2011). This in turn results in atherosclerotic lesion and 
subsequent myocardial ischemia.
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Further, it is proposed that lipopolysaccharides and inflammatory mediators, such as 
tumor necrosis factor or interleukin-lb, induce secretion of liver acute-phase proteins particularly 
C-reactive proteins. The deposition of C- reactive proteins in the damaged blood vessels 
activates the phagocytes which eventually causes release of nitrous oxide. This mechanism 
causes several pathological changes in the vascular bed and leads to the formation of atheromas 
and eventually AMI (Kanaparthy, Kanaparthy & Niranjan, 2012; Mantyla et al., 2012, Seymour 
et al., 2007; Whooley et al., 2006).
Chronic infections and systemic inflammatory biomarkers. According to this 
hypothesis, chronic periodontal disease results in a chronic inflammatory state inducing 
significant elevation in the levels of systemic inflammatory biomarkers that possess potential 
atherogenic effects (Higashi et al., 2009). This hypothesis has been supported by several 
investigations demonstrating correlations between periodontal disease and elevations of several 
biomarkers of inflammation including pro-inflammatory cytokines acute phase reactants, white 
blood cell count, neutrophil count, and neutrophil activation state (Dave & Van Dyke, 2008; 
Hingorani & D'Aiuto, 2008; Loos et al., 2000; Matthews et al., 2007).
Role of heat shock proteins. According to this hypothesis, endotoxins produced by 
periodontal pathogenic bacteria also lead to the production of heat shock proteins (Hsps). These 
Hsps play a significant role in pathogenesis of atherosclerosis and acute myocardial events 
(Ando, Kato, Ishihara, Ogiuchi & Okuda, 1995; Choi, et al., 2002; Ford et al. 2006).
Infection-induced perturbations in lipid profiles. As per the followers of this 
hypothesis, endotoxins produced by periodonto-pathogenic bacteria cause a rapid rise in very 
low density lipoprotein (VLDL) resulting in an elevation of serum triglycerides (Katz,
Flugelman, Goldberg & Heft, 2002). Hyperlipidemia caused by periodontal infections may have
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negative effects, such as release of pro inflammatory cytokines (like IL-I, IL-6, and TNF- 1) 
from neutrophils. These cytokines have been implicated as risk factors for AMI (Armitage, 2008; 
Fadel, 2012).
Figure 5, below demonstrates hypothetical pathways linking oral health to cardiovascular
health.
Systemic Health 
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Only oral health impact of smoking was 
considered in this diagram.
*CRP: C-reactive protein
tPAI-k plasminogen activator inhibitor I
JHDL: high density lipoprotein cholesterol
IDM2: type 2 diabetes mellitus CVD: cardiovascular disease
Figure 5: Hypothetical diagram of pathways linking oral and cardiovascular health. Retrieved 
from Janket et al., 2004.
Evidences
Link between periodontal diseases and cardio-vascular diseases. The link between
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oral and general health has been suggested since early times. The history of this relationship is 
well described in recent articles by Barnett (2006) and Williams (2008). As described in these 
articles, in late 1800s, W.D. Miller for the first time proposed the theory of a possible role of oral 
bacteria in causation of various diseases in distant organs. Later, in 1912, Frank Billings 
introduced the “theory of focal infection.” According to this theory, “a localized or generalized 
infection caused by the dissemination o f oral bacteria and/or their products through the 
circulating blood and lymphatics from local foci of infection including teeth can cause diseases 
and infections in distant organs” (Somma, Castagnola, Bollino & Marigo, 2010, p.2). At that 
time, focal infections were believed to cause many systemic diseases including cardiovascular 
diseases (Billings, 1914). Further, in late 1900s, some advanced scientific investigation and 
studies also proved that oral bacteria could cause diseases in sites that are distant from oral 
cavity, such as infective endocarditis. In the present scenario, there are substantial evidences 
linking oral infections, particularly periodontal disease, to other systemic conditions such as 
AIDS, pneumonia, and other lung infections (Holmstrup, Poulsen, Andersen, Skuldbol & Fiehn, 
2003; Slots, 2003). It has even been suggested that the term “oral-systemic link” is a misnomer 
and that it should instead be referred as the “perio-systemic link” (Fadel, 2012; Kao, 2010). In 
addition to the focal infection concept, various other mechanisms and theories have been 
proposed to explain this association (Rethman, 2010; Seymour, Ford, Cullinan, Leishman & 
Yamazaki, 2007).
In order to study the association between various periodontal exposure parameters and 
the occurrence o f cardiovascular events, several large studies have been conducted worldwide 
using cohort (Genco et al., 2007; Howell, Ridker, Ajani, Charles, Hennekens, & William, 2001; 
Hujoel et al.,2000), cross-sectional (Arbes et al. 1999; Buhlin, Gustafsson, Hakansson & Klinge,
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2002; Lise, Olsen, Kjersti & Ronningen, 2012; Buhlin, 2005) or case control study designs 
(Amabile et al., 2008; Kelishadi, Mortazavi, Hossein & Poursafa, 2010; Meurman et al., 2012; 
Nicolosi, Lewin, Gonzalez, Jara & Mdel, 2012; Oe, Soejima & Nakayama, 2009; Yoshida, 
Murakami, Yoshimura & Akagawa, 2012).
Out of these studies, a large body of epidemiological evidence indicates that individuals 
with periodontal disease run a higher risk of developing cardiovascular diseases than 
periodontally healthy individuals. Many past studies confirmed that myocardial infarction is the 
most frequently found systemic disease in patients suffering from different forms of periodontal 
diseases. These studies have identified statistically significant associations between established 
periodontitis and cardiovascular diseases (Beck et al., 1996; Briggs, 2006; Buhlin, Gustafsson, 
Hakansson, & Klinge, 2002; Dirk Ziebolzl et al., 2011; Guillermo & Machuca, 2012; Mattila et 
al., 1989; Rehman & Salama, 2004; Stein et al., 2011; Willershausen, Kasaj, Willershausen & 
Zahorka, 2009). Similarly, a positive association has been reported between AMI, and tooth 
extraction due to infection or periodontal diseases including periapical lesions as well as 
pericoronitis (Lise, Ingar & Kjersti, 2011; Mattila et al., 1995; Spivakovsky, 2012). Several 
meta-analyses of the prospective studies (Blaizot et al., 2009; Danesh, 1999; Humphrey,
Buckley, Freeman & Helfand, 2008) also provide evidence for a weak but statistically significant 
positive association between periodontitis and several forms of cardiovascular diseases.
However, this association is not without dispute (Beck et al., 2005; Hujoel et al., 2001). 
Unlike the above mentioned studies, a few notable studies could not find any overall association 
between the periodontitis and CVDs ( Bokhari, Khan, Azhar & Shahbaz, 2009; Hujoel, 2002; 
Hujoel, 2001; Hujoel, Drangsholt, Spiekerman & DeRouen , 2000; Joshipura et al., 2011; Lise, 
Olsen & Kjersti, 2011; Mattila 2000; Renvert, Ohlsson, Pettersson, Rutger & Persson, 2010;
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Spivakovsky, 2012; Tuominen, Reunanen, Paunio, Paunio & Aromaa, 2003; Willett, 1996).
In a longitudinal first National Health and Nutrition Examination Surveys (NHANES-I) with a 
21 years of follow-up, Hujoel et al., (2002) indicated the presence of a negative relationship 
between periodontitis and resulting coronary heart diseases.
Further, a randomized, double-blind, placebo-controlled trial conducted by Howell,
(2001) also reported that self-reported periodontal disease was not an independent predictor of 
subsequent cardiovascular disease in middle-aged to elderly men. Moreover, in contrast to 
previously mentioned findings of Mattila et al. (1995), various recent studies (Bokhari, Khan, 
Azhar & Shahbaz, 2009; Lise et al., 2011; Spivakovsky et al., 2012) reported no association of 
uncompensated tooth loss with cardiac diseases including AMI.
Similarly, Stefan Renvert et al., (2010), reported that presence of putative periodontal 
pathogens do not predict future coronary events (Stefan, Ohlsson, Pettersson & Rutger, 2010). 
Further adding to this, a randomized controlled trial (Pilot study) found no significant impact of 
periodontal treatment on incidence of subsequent coronary events including AMI. This study 
reported that provision of periodontal scaling and root planning treatment to individuals with 
heart diseases resulted in a similar pattern of adverse events as seen in the community care 
group, which also received some other form of treatment. Similarly, in a case control study, 
Nakamura et al. found no evidence that the receipt and timing of dental treatment affected the 
surgical success rates and postoperative course in acute myocardial patients (Nakamura et al., 
2011).
Therefore, results of these studies are inconclusive. Even though findings from many 
recent epidemiological studies support an association between periodontal infection and 
cardiovascular diseases, some studies do not support this relationship. It was found that the
28
association between two conditions achieved statistical insignificance when they were 
considered in combination with other risk factors. Further, causality of this relationship is yet to 
be established.
Link between periodontal diseases and acute myocardial infarction. Despite the 
presence of a large body of literature investigating the link between oral and cardiovascular 
diseases, only a few studies investigated the particular link between periodontal diseases and 
acute myocardial infarction. For the first time, in late 80’s, a case control study (Mattila et al., 
1989) reported a highly significant positive association between poor dental health and acute 
myocardial infarction. The observed association was independent of the traditional risk factors 
for heart disease. Following the investigation by Mattila et al. (1989), the link between oral 
infection and periodontal diseases, with particular emphasis on periodontitis and myocardial 
infarction has been addressed in many studies.
On the one hand, various studies conducted on different populations have suggested that 
atherosclerosis and the occurrence of AMI could be linked to periodontal infections (Arbes,
Slade & Beck, 1999; Buhlin et al., 2002; Hujoel, Drangsholt, Spiekerman & DeRouen, 2000; 
Persson, Ohlsson, Pettersson, & Renvert, 2003; Smeets et al., 2001; Stein et al., 2011). Research 
data of these studies indicates the role of periodontal infection in respect of the etiology of AMI. 
The study conducted by Kimmo and Mattila et al. (2008) showed a significant relationship 
between dental health and acute myocardial infarction even after adjusting for age, social class, 
hypertension, serum lipid and lipoprotein concentrations, smoking, presence of diabetes, and 
serum C peptide concentration. Further, various case control studies such as those done by Cueto 
et al. (2005), Cueto, Mesa, Bravo and Ocana-Riola, (2005), Lopez, Oyarzu, Naranjo, Cumsille, 
Ortiz and Baelum, (2002) and Mireille et al. (2007) also provided evidence of an association
29
between periodontitis and acute myocardial infarction, even after adjusting for well established 
risk factors for acute myocardial infarction including smoking and gender.
However, on the other hand, several recent studies and meta-analyses have failed to 
identify any association between these two conditions (Blaizot et al., 2009; Bokhari, 2006; 
Bokhari, Khan, Azhar, & Shahbaz, 2009; Humphrey, Fu, Buckley, Freeman & Helfand, 2008; 
Joshipura et al., 2011; Malthaner et al., 2002; Renvert, Ohlsson, Pettersson & Persson, 2010; 
Tuominen et al., 2003). After accounting for factors common to both periodontal disease and 
cardiovascular diseases, these studies found no significant association between periodontal 
disease and cardiovascular diseases, including AMI. Several researchers thoroughly evaluated 
the possibility of an association between periodontitis and myocardial infarction independent of 
the effect of mutual risk factors shared by both conditions (i.e. diabetes, BMI, smoking habits, 
dietary, alcohol drinking and socioeconomic status) and reported that the observed association 
between these two conditions was due to sharing common risk factors, for example, smoking 
(Fadel, 2012; Tuominen et al., 2003; Muller, 2001; Hujoel, Drangsholt, Spiekerman, & Derouen, 
2000; Syrjanen, 1990).
Not only the cross-sectional studies but also the various important longitudinal cohort and 
follow-up studies failed to identify any association between AMI and periodontitis. For instance, 
the health professionals’ follow-up study and the physicians’ health study found no association 
between periodontal diseases and coronary heart diseases including AMI (Howell, Ridker, Ajani, 
Hennekens & Christen, 2001). In addition, as mentioned earlier, a first National Health and 
Nutrition Examination Survey Epidemiologic follow-up study done by Hujoel et al., (2002) also 
indicated presence of a negative association between periodontitis and resultant coronary heart 
diseases including AMI. Nevertheless, a 12 year long follow-up study done by Tuominen et al.,
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(2003) also reported that the association between periodontitis and CHD including AMI is 
mostly explained by confounding factors, particularly those relating to oral and general health 
behavior. The study reported that after adjusting for the established CHD risk factors, association 
between these two conditions was reduced to a statistically non-significant level. The study 
design, methodology and large sample size of the above mentioned studies add into the 
significance and validity of the study findings and intrigue us to look at the other side of the coin 
and rethink before making any conclusion.
Thus, the literature so far presents ambiguous results and is inconclusive. A review of 
literature conducted by Bokhari and Khan (2006) also reported, “the findings of epidemiologic 
studies conducted on the relationship of periodontal disease to cardiovascular disease are 
inconsistent and lead to conservative conclusion” (p. 180). According to this literature review, 
studies done so far do not prove any causal relationship between periodontitis and AMI and 
show lack of control over confounding variables. Bokhari and Khan (2006) indicated that the 
observed varied associations between these two conditions could be due to the residual 
confounding, and over-control of cofounders.
Table 1, on the upcoming pages outlines the studies that have particularly addressed the 
issue of association between periodontitis and AMI (in India or worldwide), and outlines the 
factors considered as confounders and adjusted for in the data analysis process of these studies. 
The studies are organized according to their year of publication.
Table 1
Literature on the association between periodontitis and AMI.
Author and Year Stndy
methodology
and
Stndy
Population
Oral Assessment Adjusted For Conclusion
Kodovazenitis. G.. 
Pitsavos, C., 
Papadiinitriou. L., 
Vrotsos, LA., 
Stefanadis, & 
Madianos, P.N., 
2013
Case-Control Number of missing 
teeth, probing depth, and 
clinical attachment loss 
(CAL)
Gender, high-density 
lipoprotein and 
Smoking
The association between periodontitis 
and AMI was consistent across 
different measurements and/or 
definitions of periodontitis. The 
strength of the association increased 
concomitantly with the robustness of 
the criteria used to define periodontitis
Parkar, S.M.. Modi, 
G.N., & Jani. J.,2013
Case-Control Simplified oral hygiene 
index (OHI-S). 
community periodontal 
index (CPI) and loss of 
attachment (LOA)
Age, gender, smoking, 
body mass index 
(BMI), hypertension 
and diabetes mellitus
The study results showed evidences 
that those patients who have 
experienced myocardial infarction 
exhibit poor periodontal conditions in 
comparison to healthy subjects and 
suggested an association between 
chronic oral infections and myocardial 
infarction
Sainani, K.M. Jalali. 
F., Ahadi,S.M.S., 
Hoseini, R.S., & 
Sattari,F.D., 2013
Case-Control Ramfjord periodontal 
diseases index (PDI) and 
the number of missing 
teeth
Age, gender, blood 
pressure, diabetes and 
smoking
The results showed significant relation 
between periodontitis and MI
Chopra, R. Sudhir, 
R,, PatiL R.S.. 
Kalburgi,N.B.,& 
Mathur. S., 2012
Case-Control Alveolar bone loss 
(ABL) and CRP analysis
Age, gender, smoking, 
and hypertension CRP 
level and periodontal 
disease severity
Periodontitis was found to be 
associated with increased systemic 
inflammatory response
Author and Year Study
methodology
and
Study
Population
Oral Assessment Adjusted For Conclusion
Gundala, R., 2012 Case-Control Plaque index (PI), Gingival 
index (GI), Probing depth 
(PD) and Clinical 
attachment loss (CAL)
Age, gender, smoking, 
and body mass index 
(BMI)
Elevated serum leptin concentration 
was found to be associated with 
increased BMI, chronic periodontitis 
and AMI
Mantyla, P., 
Buduneli, E.. 
Emingil, G„ 
Tervahartiala T, 
Pussinen, P.J..& 
Sorsa, T., 2012
Case-Control Plaque accumulation, 
Clinical attachment loss 
(CAL) aid salivary 
analysis
Gender, age, smoking. 
BOP % and 
probing depth
The saliva of patients with AMI and 
periodontitis had a significant trend for 
the highest elastase activities among 
the study groups
Ohki, T., Itabashi, Lab-based Polymerized chain Age, gender, diabetes. Three species of periodontal bacteria
Y., Kohno, T„ 
Yoshizawa, A., 
Nishikubo. S., & 
Watanabe, S., 2012
experimental
study
reaction(PCR) smoking, hypertension, 
hypercholesterolemia
were detected in the thrombi of 
patients with acute myocardial 
infarction
Hohnlund A., 
Hedm M., Pussineu 
P.J., Lemer U.H..& 
Lind L.,2011
Case-Control Periodontal bone loss 
(PBL), number of 
deepened pockets (NDP), 
bleeding on probing 
(BOP), and number of 
teeth present
Age. gender, smoking, 
diabetes, hypertension, 
total cholesterol, 
triglycerides, and body 
mass index
Patients with MI had an impaired oral 
health compared to controls
Kodovazenitis. G., 
Pitsavos, C., 
Papadimitriou. L., 
Deliargyris, E.N., 
Vrotsos, I., & 
Madianos, P.N.. 
2011
Case-Control Missing teeth, mean pocket 
probing depth 
(PPD),clinical attachment 
loss (CAL) and bleeding 
on probing (BOP)
Age, gender. BMI. 
Hypertension
Periodontitis was found to contribute 
to elevated CRP levels in non­
diabetic, non-smoking AMI patientsj 
independently of other confounding 
factors
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Nakamura, Y., 
Tagusari, 0 ., Seike. 
Y., Ito, Y.. Saito, 
K.,& ShikataF.. 
2011
Case-control
study
Number of missing teeth, 
periodontal Pocket 
depth(PPD), Loss of 
attachment(LOS), Bleeding 
on probing( BOP)
Age, gender, diseased 
valve, history of 
smoking and type of 
surgery
The study found no evidence that 
receipt and timing of dental treatment 
affected surgical success rates and 
postoperative course
Sikka, M.. Sequeira, 
P.S., Acharya, S., 
Bhat, M.. Rao, A., 
&Nagaraj, A., 2011
Case-Control Decayed missing and filled 
tooth index(DMFT), 
Community Periodontal 
index (CPI), and Loss of 
attachment (LOA) score
Age, gender, smoking, 
body mass index 
(BMI), hypertension 
and diabetes mellitus
The study showed a slight increase in 
the level of mild periodontal disease in 
coronary heart disease patients as 
compared to controls, with a non­
significant difference in level o f dental 
caries
Stein J.M., Kuck B., 
Conrads G.. Fickl 
S., Ckrobot J., 
Schulz S., 
Ocklenburg C..& 
Smeets R.. 2011
Case-Control The dental investigation 
consisted of the dental 
status (DMF-T). a plaque- 
Index (PI), an assessment 
of gingival inflammation 
(GI) and periodontal 
situation (Periodontal 
Screening Index: PSI), and 
attachment loss (AL)
Age, gender, smoking, 
CRP level and 
medication
The results o f this study confirmed an 
association between periodontitis and 
AMI
James D.B. ,2009 Periodontitis 
and Vascular 
Events 
(PAVE) pilot 
study
Periodontal Pocket 
depth(PPD), Loss of 
attachment(LOS), Bleeding 
on probing( BOP)
Smoking, marital 
status, and gender
Provision o f periodontal scaling and 
root planing treatment 
didn't find to be associated with 
improved cardiovascular health
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Stein, J.M., Smeets, 
R., Reichert, S., 
Chrobot, J.. Fickl, 
S., & Kuch, B., 
2009
Case-Control Probing depth (PD), 
clinical attachment loss 
(CAL), and alveolar bone 
loss (ABL)
Age, gender, smoking. 
BMR
The results confirmed an association 
between periodontitis and AMI but 
failed to detect a modifying impact of 
the composite IL-1 genotype
Willershausen, B., 
Kasaj, A., 
Willershausen, I., 
Zahorka, D., 
Briseno, B..& 
Mtinzel, T.. 2009
Case-Control Number of teeth, 
endodontically treated 
teeth, periodontal 
screening index (PSI). 
clinical attachment level, 
and radiographic apical 
lesions (radiograph 
examination)
Age, gender and 
smoking
This study suggested an association 
between chronic oral infections and 
myocardial infarction
Zamirian, M., 
Raoofi, S., 
Khosropanah, H„ & 
Javanmardi. R , 
2008
Case-Control Plaque index ( P I) , 
Gingival index (GI), 
pocket depth (PD), clinical 
attachment loss (CAL), 
Bleeding on probing 
(BOP)
Hypertension and 
diabetes
The study found significant 
association between periodontitis and 
acute myocardial infarction, even after 
adjusting
for conventional risk factors for AMI
Kaisare, S., Rao, 
J.,& Dubashi, 
N.,2007
Case-Control Decayed teeth, missing 
teeth, filled teeth (DMFT), 
probing depth (PD), 
simplified oral hygiene 
index (OHI-S) and 
bleeding on probing (BOP)
Age, gender, smoking, 
body mass index 
(BMI), hypertension 
and diabetes mellitus
The results of this study indicated that 
periodontal disease may be associated 
with AMI
u>
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Mireille. O. A ., 
Genco.J.R., Dom. 
J.. Hovey. K„ 
Falkner. L.k., & 
Trevisan, M.. 2007
Case-Control Clinical attachment loss 
(CAL)
Age. gender, BMI, 
physical activity, 
hypertension, 
cholesterol, diabetes, 
and total pack-years o f  
cigarette smoking
Study provided evidence o f  an 
association between PD and 
incident MI in both genders. This 
association appear s to be 
Independent from the possible  
confounding effect o f  smoking
Forss, K.. 
2006.
Case-control Number o f  teeth and PTI
(sum o f  number o f  residual 
roots, vertical 
bone pockets, periapical 
infections, 
furcation, caries and 
pericoronitis 
lesions seen 011 
radiographic 
pictures)
Age, BMI, smoking, 
diabetes, HT, 
educational 
level
Number o f  teeth was significantly
associated to sudden
cardiac death due to myocardial events
Hoknlund, A., 
Holm, G, & Lind, 
L., 2006
Case-control PD, BOP, PLI and number 
o f  teeth was registered. 
Bone loss for each subject 
was measured 
on radiographs and 
depending mainly 
on the amount o f  bone loss 
the severity o f  
periodontitis was stratified 
into: no, mild,
Moderate or severe 
periodontitis______________
Age, gender and 
smoking
There was a significant 
dose-response association  
between number o f  teeth 
(hole sample), periodontitis 
(in subjects aged 40-59  
years) and MI. with OR  
1.3-1.5. HT was associated 
to periodontitis and number 
o f  periodontal pockets, but 
not to number o f  teeth
U i
Author and Year Study
methodology
and
Study
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Oral Assessment Adjusted For Conclusion
Cueto. A., Mesa, F., 
Bravo, M., & 
Ocana-Riola, R., 
2005
Case-Control Periodontitis was measured 
as the percentage of sites 
with clinical attachment 
loss greater than 3 mm
Sex, age. tobacco habit, 
hypertension, diabetes, 
hypercholesterolemia, 
regular exercise, 
hypertension, diabetes
There was an evidence of an 
association between periodontitis and 
acute myocardial infarction after 
adjusting for well-known risk factors 
for acute myocardial infarction______
Persson, & Ohlsson, 
2003
Case-control Severity of periodontitis
was
categorised as 10 %, 20 %, 
30 %,40 %, 50 % and 60 % 
of teeth
with a bone loss that 
exceeded >4mm measured 
from CEJ to the 
alveolar bone
Age, sex, smoking, 
ethnicity, cholesterol, 
triglyceride, and 
diabetes
Periodontitis was significantly 
associated to AMI with an OR 
varying between 9.1-14.1, 
expressing the highest OR 
when bone loss exceeding 
>4mm was present in 50 % 
of the sites
Rutger, Persson. G., 
Ohlsson, O., 
Pettersson, T., & 
Renvert, S., 2003
Case-Control Probing depth (PD) and 
bleeding on probing (BOP)
Age. gender, SES 
(marital status, 
education), smoking 
habits
12 year Caries, periodontal and age. smoking, and low
follow-up dental plaque status, pocket socio-economic status
study depthpresence of
remaining teeth, and 
various types of dentures
The study reported that an evidence of 
bone loss around several teeth can 
predictably be identified as a risk 
factor for future AMI
Tuominen, R., 
Reunanen, A., 
Paunio, M., Paunio, 
I., & Aromaa, A.. 
2003
Adjustment for the established CHD 
risk factors reduced the association to 
statistical non-significance. Study 
reported that the associations between 
oral health indicators and CHD are 
mostly explained by confounding 
factors
o \
Author and Year Study
methodology
and
Study
Population
Oral Assessment Adjusted For Conclusion
Hujoel, P.P., 2002 First National 
Health and 
Nutrition 
Examination 
Survey
Epidemiologic
Follow-up
Study.
Comparison o f subjects 
with periodontitis=
(PD >4mm on any teeth) 
and subjects with 
edentulisim
All kinds ofCVD 
risk factors including 
Age and smoking
It was concluded that periodontitis or 
gingivitis does not elevate CHD risk 
among individuals with a prior heart 
attack or self-reported 
preexisting cardiovascular disease
Malthaner, S.C., 
Moore, S., Mills, 
M., Saad, R., 
Sabatini R,& 
Oates. T.W.. 2002
Case-Control Clinical attachment loss 
(CAL), number o f sites 
with CAL radiographic 
bone loss
Age and previous 
smoking history, 
factors common to both 
diseases
The study reported that there is no 
significant association between 
periodontal disease and chronic CAD 
including AMI
Howell, H.. 2001 Randomized,
double-blind,
placebo-
controlled
trial
Self-reported presence or 
absence of periodontal 
disease at study entry
All kinds of CVD 
risk factors including 
Age and smoking
These prospective data suggested that 
self-reported periodontal disease is not 
an independent
predictor o f subsequent cardiovascular 
disease in middle-aged to elderly men
Emingil, G., 
Budimeli. E.. 
Aliyev, A., Akilli, 
A., & Atilla. G., 
2000
Case-control Missing teeth, restorations, 
probing depth (PD) and 
bleeding on probing (BOP)
Age, gender, smoking, 
hypertension, diabetes
The results o f this study indicate that 
periodontal disease may be associated 
with acute myocardial infarction
u>
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Link between periodontitis and acute myocardial infarction- South Asian and 
Indian population. In contrast to the developed world, not much research has been done in 
developing countries, particularly South Asian countries that include Afghanistan, Bangladesh, 
Bhutan, India, Iran, Maldives, Nepal, Pakistan, and Sri Lanka. An extensive exploration of 
available literature revealed scarce data and limited studies with regard to South Asian 
populations. So far, the searches through PubMed, Medline, Science Direct and other available 
online data base indicated that in South Asian countries, only a few studies have been undertaken 
in the field of association between oral health and cardiovascular diseases (Bokhari et al., 2011; 
Chopra, Patil & Mathur, 2012; Kaisare, Rao & Dubash, 2007; Nagaraj et al., 2011; Parker, Modi 
& Jani, 2013; Samani, Jalali, Ahadi, Hoseini, & Sattari, 2013; Zamirian, Raoofi, Khosropanah, & 
Javanmardi, 2008). Of these studies, only four studies (two with Iranian population and two with 
Indian population) particularly addressed the issue of a possible association between 
periodontitis and acute myocardial infarction (Kaisare, Rao & Dubash, 2007; Parker, Modi & 
Jani, 2013; Samani, Jalali, Ahadi, Hoseini, & Sattari, 2013; Zamirian, Raoofi, Khosropanah, & 
Javanmardi, 2008). Moreover, all these studies are done with Iranian, South-West Indian and 
Eastern Indian populations. There is not even a single study involving North Indian population.
In India, the first study was done in 2007 (Kaisare, Rao & Dubash, 2007) which was a 
case-control study with Goans. Its aim was to investigate the possible association between 
periodontal health and acute myocardial infarction. Total 500 subjects, 250 with AMI disease 
group and 250 with coronary heart disease group were included in the study. Even though the 
study results indicated that periodontal diseases might be associated with AMI, the study had 
several limitations. There was no social and financial homogeneity between case and control 
groups. Several possible risk factors, such as genetics, BMI, alcohol consumption, and oral and
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general health care awareness level were not included in the study. Though the study adjusted for 
the potential confounding effect of smoking, it did not take into consideration the use of smoke- 
free tobacco. The research indicates the possibilities of potential negative effects of smokeless 
tobacco use on one’s cardiovascular health (Ali, Al-Aqeedi & Gehani, 2011; Critchley & Unal, 
2003; Subramanian, Nandy, Kelly, Gordon & Smith, 2004). Hence, the possibility of confounded 
results (tobacco use as main confounding factor) cannot be neglected.
In contrast to the findings of the above study, another case-control study in the context of 
the Indian population (Nagaraj et al., 2011) showed non-significant differences in dental caries 
(DMFT) between case and control group, and minor increase in mild form of periodontitis in 
cases with coronary heart disease as compared to cardiovascular healthy controls. However, 
these non-significant results may be due to a selection bias since the controls drawn in this study 
were those who visited for screening package and may be regarded generally as a health 
conscious group. Further, the subjects with a previous history of myocardial infarction and acute 
infarction cases were not included in this study. Additionally, the study design is such that it does 
not establish the temporality of the relationship between coronary heart disease and periodontal 
disease. The study design does not exclude the possibility that the changes in periodontal 
parameters might have resulted from CHD, rather than causing the coronary heart disease. The 
findings of this study were in contrast with the study findings of Samani et al., (2013), who 
conducted a case-control study with Iranian population and indicated that patients with higher 
DMFT scores (missing teeth = more than 10) were at more risk of myocardial infarction 
(OR=2.73). Another similar case-control study with the Iranian population (Zamirian, Raoofi, 
Khosropanah, & Javanmardi, 2008) also reported a significant association between periodontitis 
and acute myocardial infarction even after adjusting for conventional risk factors for AMI.
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In light of the limited researched data and ambiguous findings of the previous studies, the 
issue of an association between periodontitis and acute myocardial infarction was addressed 
again by Parker, Modi and Jani (2013) with a more rigorous study design, but with a smaller 
sample size. The study produced evidence that patients who had experienced myocardial 
infarction exhibited poor periodontal conditions in comparison to the healthy subjects, and 
suggested an association between chronic oral infection and myocardial infarction. However, this 
study had several limitations; it was performed in one hospital and completed with a very small 
sample (total 60 subjects, 30 in each group) that did not adequately represent AMI population. 
Additionally, in this study no radiographic diagnostic measure was used for the identification of 
periodontitis. Further, in order to estimate the periodontal disease severity a partial mouth 
recording protocol was utilized by this study. Such protocol can only be precise in measuring the 
mean periodontal indexes and could possibly introduce error in the estimation o f prevalence of 
periodontal disease.
In order to explain the possible mechanism underlying this association, Chopra and 
colleagues (Chopra, Patil & Mathur, 2012) compared two major forms of periodontitis (chronic 
and aggressive periodontitis) with regard to cardiovascular disease risk. This study compared the 
CRP levels in chronic and aggressive periodontitis patients. Sample of 240 systemically healthy 
subjects was divided equal into three groups (80 each); 1) generalized aggressive periodontitis,
2) chronic generalized periodontitis, and 3) a non-periodontitis (NP, controls). Samples of 
venous blood were collected and by utilizing turbid metric immunoassay a quantitative CRP 
analysis was performed. The findings of this study indicated that “periodontitis should be of 
particular concern in younger individuals where elevated levels of CRP may contribute to early 
or more rapid cardiovascular disease in susceptible patients” (Chopra, 2012, p.81). However,
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later on, Gundala and Vikram (2012) in their cross sectional clinical study, reported that elevated 
serum leptin concentration was associated with “increased in body mass index, chronic 
periodontitis and AMI” and indicated to consider it as a risk factor for both AMI and 
periodontitis. Similar to the findings of Gundala and Vikram (2012), in another cross sectional 
study, Gangadhar, Ramesh and Thomas, (2011), indicated possibility of an association between 
gingival leptin concentration and the risk of developing cardiovascular diseases. Thus, a wide 
ambiguity exists not only in the findings of studies exploring the strength of association between 
periodontitis and AMI, but also in the studies exploring the possible underlying etiopathogocial 
mechanisms linking these two conditions.
Hence, studies related to AMI and periodontitis worldwide and with Indian populations 
have been published with vague results. In spite of the rapid growth in the literature on the 
possible etiological role of periodontal disease in systemic diseases, the issue has not been 
resolved; many questions remain unanswered, and the pathophysiological mechanisms 
underlying these associations remains unclear. Moreover, it is difficult to interpret the reported 
associations. From one view point, the associations could be inferred as causal, recommending 
that decreasing periodontal diseases’ prevalence by early interventions and treatments may be 
beneficial in lessening the risk of future CVD events. However, with another viewpoint, these 
findings could be considered erroneous due to the biases introduced by various confounding 
variables.
Potential Reasons of Observed Diversity in Findings
The following factors may be considered as underlying reasons behind reported diversity 
in findings:
Use of different diagnostic criteria of periodontitis. The reasons for such diverse
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findings may solely reflect inadequate definition of periodontitis. A recent study done by 
Kodovazenitis et al., (2013) reported that the strength of the association between periodontitis 
and AMI increased concomitantly with the robustness of the criteria used to define periodontitis. 
Further, there is a large variation in the outcome measures used in the studies conducted so far. 
The studies used varying diagnostic criteria for defining and measuring the periodontitis disease 
status, such as, Plaque index (PI), Community periodontal index (CPI), Community periodontal 
index of treatment needs (CPITN), the Russell's periodontal index. Review of literature indicates 
that in order to measure the periodontal health status, only a small number of studies utilized the 
methodologies and indices specified by the W.H.O. This indicates that a standardized approach 
is required for the significant, but so far under-examined issue, of prevalence and severity o f 
periodontitis among AMI patients.
Additionally, effect of non-differential misclassification stemming from the use of 
questionnaires and self-reporting, instead of clinical examinations o f periodontal disease, can 
further lead to under/over estimation of strength of association between AMI and periodontitis.
Incomplete adjustment for the confounding variables. Incomplete accounting for 
proper control subjects and matching for the potential confounding variables may also be 
responsible for the observed divergence in findings. As discussed previously, periodontitis and 
myocardial disease have several mutual risk factors, for instance, age, BMI, diabetes, smoking 
habits, alcohol drinking and stress; therefore, the possibility for confounding is considerable. 
Incomplete adjustment and matching for these factors may lead to residual confounding which is 
responsible for the observed weak associations.
Varying individual immunological response. Moreover, the observed ambiguity in the 
association between these two conditions can be due to differential individual immunological
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responses that determine the onset and progression of periodontitis. Inflammatory immune 
response is a key factor in pathophysiology and can be altered or modified by certain host 
factors. In vitro, it has been found that individual response is affected by genetic signaling 
pathways that influence the expression of inflammatory mediators in response to periodontal 
bacterial lipopolysaccharides (Divaris et al, 2013; Preshaw, 2004). Therefore, the strength of 
relationship between AMI and periodontitis may vary between populations with different genetic 
backgrounds. Thus, in order to confirm an association between AMI and Periodontitis, it is 
crucial to study different populations with different genetic backgrounds.
In conclusion, evidence on the association between periodontitis and myocardial 
infarction in Indian population and other populations worldwide is limited. The number of 
studies done so far is relatively low. Further, inadequate sample size, retrospective data analyses, 
potential residual confounding, inconsistent definitions of exposure and outcome variables, and 
reported diversity in results, are some of the other key limitations. The review of literature 
indicates significant inconsistency in the criteria used for measuring exposure (periodontitis) and 
outcome (AMI). Although, various studies have demonstrated an association between different 
parameters of periodontitis and myocardial infarction, the studies are inconsistent in defining the 
independent and dependent variables. In this manner, no relationship between these two 
conditions has been precisely recreated or verified, and therefore, insufficient evidence is 
available to justify that periodontal interventions can prevent the onset or progression of acute 
myocardial events.
Gaps in Knowledge
The key gaps in knowledge about an association between AMI and periodontitis with 
regard to the North Indian population are as follows:
44
1. The number of research studies carried out is inadequate. In fact, to the researcher’s 
knowledge this study is the first study investigating the possible association between 
AMI and periodontitis in North Indian population.
2. Studies done in other parts of the world cannot be 100% extrapolated to populations 
owing to the varying environmental, racial, and genetic factors.
3. In studies done so far with Indian populations, some o f the significant confounding 
variables were not taken into consideration. For example, none of the studies done with 
this population subgroup accounted for genetic factors and use of smokeless tobacco as a 
potential confounding factor.
4. The findings of various studies are not consistent to firmly support the association 
between periodontitis and AMI. Further, none of the studies done so far used identical 
methodology and clinical data collection procedures. Hence, the results have never been 
verified.
5. The studies done with the South Asian populations including Indian populations used 
older and outdated indices to measure periodontitis and oral health, such as Ramjford 
Periodontal Index. These indices have several drawbacks and are no longer used for 
periodontitis diagnosis. Therefore, the measurement of independent variables in these 
studies is questionable. This measurement bias might have resulted in a biased odds ratio 
leading to an incorrect estimation of the strength of association between periodontitis and 
AMI.
6. In line with the above mentioned fact, most o f the case-control studies with South Asian 
populations used some irrelevant indices, such as oral hygiene index (OHI) to measure 
the participants’ periodontal health. Indices such as OHI should not be considered, as its
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score may get affected by subjects’ duration of stay in the hospital and the cases could
show worse scores, due to their Intensive Care Unit stays as well as longer hospital stays.
Thus, the literature review on the association between periodontitis and AMI, both with 
Indian population or worldwide, clearly indicates that more longitudinal and case-control studies 
with well controlled confounding factors and valid outcome and exposure measures are needed 
for determining the true association between both the conditions.
Bridging the Gaps
Keeping in mind the above discussed knowledge gaps, the researcher undertook the first 
match case-control study with a sample of North Indian subjects seeking treatment at MGMG 
hospital, Rajasthan, India. This study utilized the most updated and advanced indices of oral and 
periodontal health assessment. This in turn reduced the risk o f measurement bias in terms of 
exposure measurement. Thus, an unbiased odds ratio, indicating the strength of association 
between periodontitis and AMI, was achieved. As mentioned in the “knowledge gaps” section, 
most of the case-control studies with South Asian populations used irrelevant and non-applicable 
indices, such as oral hygiene index (OHI), to measure participant’s periodontal health status. 
Therefore, this study used the most advance index “community periodontal index” (CPI) (with 
loss o f attachment component). Unlike the OHI whose measurements can get affected by the 
longer stays in hospital, CPI score remains unaffected by subject’s duration of stay at the 
hospital. In contrast to OHI, which measures the amount of debris and plaque, CPI measures the 
amount of periodontal tissue destruction in the form of loss of attachment (LOA) and periodontal 
pocket depth (PPD). As longer time period is required for destruction of periodontal support and 
pocket formation, CPI score remains unaffected by the aforementioned bias.
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Further, in this study, all possible well established confounding factors (Wood, 2001), 
that were mostly overlooked in the past studies with South Asian populations were taken into 
consideration, including the use o f smokeless as well as smoking tobacco, alcohol abuse and 
genetic predisposition. Most updated criteria were used to classify the presence or absence of the 
above mentioned risk factors. For instance, recently modified Kuppuswamy’s scale was used to 
classify the subjects as per their socioeconomic classes.
Thus, this study was the first investigation with the North Indian population in terms of 
association between AMI and periodontitis and could provide the baseline data for the future 
studies.
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Chapter Three 
Methodology
Research Design
This quantitative study utilized a matched case-control design to investigate an 
association between periodontitis and acute myocardial infarction among North Indian adults (25 
years or older). The study was conducted at the Department of Cardiology, Mahatma Gandhi 
Memorial Government hospital, Rajasthan, India. In this case-control study, the oral health status 
of cases (AMI patients) was compared with cardiovascular healthy controls (trauma patients). 
Trauma patients were chosen as control group since control subjects were required to be free of 
other systemic inflammatory conditions and infections along with CVDs. This is further 
discussed in the “inclusion and exclusion criterion” section.
Case Group
Patients aged 25 years or older with acute myocardial infarction admitted to the 
Department of Cardiology, MGMG hospital from December 5, 2013 to April 10, 2014 were 
enrolled as cases in the study. The study utilized the W.H.O. criteria of defining acute 
myocardial infarction (Thygesen, Joseph & Harvey, 2007). The determination of incident AMI 
was based on the information found in the patients’ medical records as diagnosed and confirmed 
by the cardiology department of the hospital. Vital stats data were determined either from the 
hospital records, questionnaire or from physicians’ notifications.
Inclusion criteria. The following criteria were prerequisite for inclusion as a case:
The presence o f a history o f  acute myocardial infarction. Present history of AMI verified 
by characteristic electrocardiogram changes (ECG) and elevation of serum enzymes (serum 
troponin 1, serum glutamic oxaloacetic transaminase (SG-OT) and, creatinine phosphokinase) as
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confirmed by the patient’s medical records was the key inclusion criterion. All o f the above are 
the most advanced and widely accepted diagnostic aids of AMI.
A stable physical and psychological condition. A stable physical and psychological 
condition that allowed for carrying out a dental examination following admission as an AMI 
patient was essential for ensuring the safety of the subject. This criterion was also in line with 
subject’s ethical rights.
Absence o f any other medical conditions. Absence of any other medical condition and 
disorders, such as acute-inflammatory diseases, osteoporosis, infectious diseases (Tuberculosis, 
HIV), and tumor diseases was required for the study. These systemic conditions are considered 
as underlying risk factors for periodontal diseases (Kuo, Poison & Kang, 2008).Therefore, 
absence of these is crucial for determining the true relationship between AMI and periodontitis.
Exclusion criteria. Criteria for exclusion from the study were:
Patients labeled unfit by the concerned cardiologist. Again, in order to ensure the safety 
o f the patients, any patient labeled unfit by the concerned cardiologist due to his/her disease 
severity or anticoagulant status was not included in the study.
Death before oral examination. Any patient who initially volunteered to be recruited but 
died before his/her oral examination was not included in the study.
Patients diagnosed fo r any other chronic/acute infection other than periodontal infections. 
As described in the inclusion criteria, systemic inflammatory conditions and infections, such as 
urinary tract infections, gastro-intestinal infections and sinusitis are considered underlying risk 
factors for periodontitis; thus, their absence was crucial for the study.
Patients diagnosed fo r endocarditis. This is in line with the above mentioned criterion. 
Endocarditis, is an infectious disease o f heart values and is causally associated with periodontitis
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(Ito, 2009; Lockhart, 2009; Tonn, 2012). Therefore, its absence was essential for exploring an 
independent association between AMI and periodontitis.
Completely edentulous patients. Oral examination and periodontal health assessment is not 
possible in completely edentulous subjects. Thus, such patients were excluded from the study.
Patients who received periodontal treatment within the last three months. Any sort of 
periodontal therapy conducted within the last three months may result in comparatively healthy 
gingival and periodontal tissues. Therefore, such subjects were excluded from the study.
Patients who reported antimicrobial and antibiotic usage in past one month. Similar to the 
above mentioned criterion, use of antimicrobial and antibiotics (within last 1 month) may result 
in healthy periodontal conditions. Therefore, in order to assess the true relationship between 
AMI and periodontitis, subjects who received antimicrobial and antibiotic therapy within the last 
one month were not included in the study.
Pregnant patients. Pregnancy increases the risk for gingivitis and periodontitis, and can 
accelerate attachment loss, through local increases in vascular permeability, 
polymorphonucleocytes in the sulcus, ProstaglandinE2 (PgE2), bacteroides species and gingival 
crevicular fluid (GCF) flow (Kaulkwarf, Komman, & Lieff, 2004). Therefore, pregnant patients 
were excluded from the study.
Patients with maxillofacial trauma. The study recruited trauma patients as a control group; 
however, patients with maxillofacial trauma were excluded. These injuries may not only 
compromise subject’s periodontal health but also may not allow the dentist to perform proper 
oral examinations due to the limited opening of mouth. Therefore, such patients were excluded 
from the study.
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Control Group
The controls were identified from a random sample of patients admitted to the trauma 
department of the hospital during the same period. The controls had to meet the same exclusion 
and inclusion criteria as the cases, plus unknown present or prior history of AMI, coronary artery 
disease, coronary heart disease, angina, or any other form of CVD.
Study Location
This study was aimed at examining the association between AMI and periodontitis 
among North Indian population. Therefore, the study took place at one of the biggest 
Government hospitals of North India, Mahatma Gandhi Memorial Government hospital. This 
hospital is located in the state of Rajasthan, the northern and biggest state of India by area. The 
map below provides the outline of North-Indian territories.
Figure 6: States in the North and North Central Zones of India, as defined by the Indian 
Government. Retrieved from http://www.nimissions.org
Table 2, below provides description of total population and area of northern Indian states.
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Table 2
Northern Indian territories as defined by government o f India. Retrieved from 
http://www.nimissions.org/
Population 543,937,430
Area 1,420,540 km2 (548,470 §a mi)
States and territories Jammu and Kashmir, Himachal Pradesh, Uttarakhand. Haryana, 
Punjab, National Capital Territory of Delhi, Chandigarh, Rajasthan, 
Uttar Pradesh. Madhva Pradesh. Chattisgarh
Sampling Procedure
All acute myocardial infarction and trauma patients admitted to the respective 
departments of MGMG hospital from December 5, 2013 to April 10, 2014 were requested to 
participate in the research on a voluntary base. A written informed consent was requested from 
each person willing to participate in the study. Upon receiving their informed consents, subjects 
were assessed as per the inclusion and exclusion criteria and the successful candidates were 
recruited in the study. In order to select the matched control group, FUZZY extension command 
was used on SPSS (22 version with python essential) and the controls (trauma patients) were 
randomly selected each week to match the number of cases. The case data of each week served 
as demander dataset and the control data of each week served as supplier dataset. Therefore, 
matching was done on weekly basis, so that there is enough supplier dataset to match the 
demander dataset and the randomization process is more effective. Further, it was convenient to 
perform the oral examinations on a weekly basis rather than on a daily basis. The controls were 
needed to match the case subjects in terms of age (max. ± 2 years) and gender. The fuzz values 
for gender and age were zero (0) and (2) respectively. One matched control was selected for each
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case. Thus, the case and control ratio was 1:1. Selecting matched case-control samples (age, 
gender) was more effective in controlling for profound confounding effects of age and gender, as 
both these factors are important risk factors for AMI and periodontitis.
Case-control Match Tolerance
Matching variables Fuzz value
Age 2.00
Gender 0.0
Sample Size
As this study was the first ever research with the North Indian population, the minimum 
detectable odds ratio or the effect size was unknown. Further, no recent periodontitis prevalence 
data is available for North Indian populations. Therefore, in order to determine the exact value of 
minimally required sample size (by power analysis) to test the study hypotheses, a pilot study 
was carried out on convenience sample of 10 cases (AMI patients) and 10 controls (trauma 
patients), that were randomly selected according to the above described sampling procedure. 
Based on the data from this pilot study, a power analysis with 80% power at a 5% significance 
level was performed to determine the desired number of participants in the test and control 
groups. An online conversation with the author of a past study with Indian population (Sikka et 
al., 2011) informed the use of similar approach to detect the desired sample size for their study. 
Power analysis was done by using the formula provided below (Rosner, 2010):
N= 2 * [Z crit V 2p (1-p) + ZpwWpi (1-pi) + p2 (l-p2)]2
D2
N= 2 * f2.576 V 2p (1-p) + 0.84Vpi (1-p,) + p2(l-p2)l2
(P1-P2)
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Where N = Required sample size (Cases = N/2, Control = N/2)
D= | P 1-P2 I (i.e. the minimum expected difference)
Zcnt- 1 -96 for 95% confidence 
Zpwr = 0.84 for 80% power of test 
P= pi+p2 
2
pi = Proportion of severe -moderate periodontitis patients among cases.
P2  =Proportion of severe -moderate periodontitis patients among controls.
Based on the data collected from the pilot study
pi = Proportion of severe -moderate periodontitis patients among cases = 0.8 
P2 =Proportion of severe -moderate periodontitis patients among controls =0.5
P= P .+ P 7  = (0.8+0.5)/2 = 0.65 
2
Power analysis using the above provided formula:
N= 2*fl .96V2*0.65( 1 -0.65 HQ.84Vo.8( 1 -0.81+0.5(1-0.5H2
(0.8-0.5)2
The value of N by power analysis with 80% power at a 0.5% significance level
= 76 (total in both groups)
The case to control ratio for this study was 1:1, therefore 40 case subjects and 40 control 
subjects were recruited for this study.
Data Collection
Demographic characteristics, such as age, family history of heart disease, presence of 
hypertension, diabetes, tobacco use, alcohol consumption, dietary habits (vegetarian/non­
vegetarian or mixed), and self-report on frequency of physical activities/exercise were assessed 
through questionnaires administered by the researcher. Questionnaire forms were provided both
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in English and in the regional language (Hindi/Punjabi) o f the subject. The key points were also 
explained verbally. Medical data was also retrieved from patients’ hospital files. In order to 
collect the periodontal data, oral examinations were conducted by an external oral examiner 
(dentist). The scores of community periodontal index (CPI) and decayed missing and filled tooth 
index (DMFT) were recorded for each individual.
Questionnaire Variables
The participants were required to answer questionnaires covering a wide variety of items 
related to oral factors, general health, lifestyle, and social environment. In this regard, the 
following variables were explored: age; gender; marital status (married/ unmarried or divorced); 
smoking habits (non-smoker, never smoked, former smoker, or smoker); smokeless tobacco 
habits (never used, former user, or current user); alcohol drinking (irregular abstainers, non­
drinkers, current drinkers); socioeconomic status (upper class, upper middle class, lower middle 
class, upper lower class, lower class); regular exercise (yes/no); family history of cardiovascular 
disease (yes/no); presence of hypertension (hypertensive/non hypertensive); and dietary habits 
(vegetarian/ mixed).
Description of the Questionnaire Variables
Based on the criteria established by the Center for Disease Control and Prevention 
(CDC), participants were categorized as non-smokers: if  they reported that they never smoked 
or had smoked less than 100 cigarettes in their entire life; former smokers: if they reported to 
have smoked 100 cigarettes, but quit smoking at the time of interview; or current smokers: if 
they currently smoke. Chewing tobacco habits were also classified as non-user: if they have not 
used any form of chewable tobacco in their life time or chewed less than 100 times; former 
users: if  they reported to have chewed or used any form of smokeless tobacco product more than
100 times but quit using at the time of interview; or current user: if they currently use any form 
of smokeless tobacco. The key reason behind using the CDC criteria is that it is a well 
established and most often used criteria for assessing the tobacco use in the Indian populations.
Alcohol drinking status was also ascertained during the interview. The participants were 
categorized as nondrinkers, irregular abstainers (who did not consume alcohol within 30 days 
prior to the interview), and current drinkers. Further, the family history of heart disease in this 
study pertained to diagnoses o f heart diseases or cardiovascular diseases, high blood pressure, 
stroke, heart attack, by-pass surgery, angioplasty, or other forms of vascular disease, such as 
phlebitis, intermittent claudication, or aneurysm in first-degree relatives.
Weight was measured by using a beam balance scale and height with a wall-mounted 
ruler using standard protocol. Body Mass Index (BMI) was computed as weight in kilograms 
divided by height in meters squared (W.H.O., 2006).
BMI= Mass (Kg)/ Height (m)2 
Socioeconomic status was recorded according to Kuppuswamy’s socioeconomic status 
scale (Kumar, Dudala, & Rao, 2013). According to this scale, there are five socioeconomic 
classes: upper class, upper middle class, lower middle class, upper lower class, and lower class. 
Educational qualification was classified into the following groups: 1) Professional or honors; 2) 
Graduate or post graduate; 3) Intermediate or post high school diploma; 4) High school 
certificate: Individuals who have completed education up to grade X; 5) Middle school 
certificate: Individuals who have completed education up to grade VIII; 6) Primary School 
certificate: Individuals who have completed primary education (up to grade V); 7) Illiterate: 
Individuals with no formal education (inclusive of those who had not completed primary
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education). Educational qualification and occupation were recorded as a part of Kuppuswamy’s 
socioeconomic status scale (Kumar, Dudala, & Rao, 2013).
Dietary habits was categorized as vegetarian or no meat eater (including fish and eggs) 
and mixed or meat eaters. Age was recorded as a numerical value in the form of years. Marital 
status was categorized dichotomously as married/unmarried or divorced. Similarly, diabetic and 
hypertensive status were also recorded dichotomously as diabetic/non-diabetic and 
hypertensive/non-hypertensive respectively.
Dental Examination: Periodontal Data Collection
In order to collect the periodontal data, oral/dental examination was conducted by an 
independent external oral examiner. All participants were examined under identical conditions in 
hospital beds at the MGMG hospital. The subjects diagnosed with AMI underwent a thorough 
oral examination after 4 days of hospitalization and when they were free from anticoagulation 
therapy. This is important because anticoagulants received by these patients can exaggerate the 
Periodontitis symptoms by increasing the gingival bleeding. Patients were examined in supine 
position. Examinations were done by using artificial light with the use of plane mouth mirror and 
W.H.O. periodontal probe (CPI probe). All the teeth inclusive of the third molars were studied.
Number of missing teeth, bleeding on probing, dental calculus, deep pockets with loss of 
attachment are the key clinical indicators of periodontitis. Therefore, in order to collect the 
clinical data related to periodontitis, the author of the current study used decayed missing and 
filled tooth index (DMFT) and, community periodontal index (CPI).
Periodontal status was assessed by decayed missing and filled tooth index (DMFT 
index).This index provided baseline information pertinent to subject’s periodontal health (High 
DMFT score and high percentage of missing teeth are indicative of poor periodontal and oral
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health in general). Further, in order to diagnose the clinically established periodontitis, CPI was 
used and periodontitis was categorized as absent, mild, moderate and severe. The author used 
DMFT and CPI as these indices remain unaffected by subject’s duration of stay at hospital or in 
intensive care unit. Further, both of these indices are the most updated, valid and reliable indices 
used widely for periodontal health assessment worldwide.
Clinical Parameters/Indicators
As part of the above mentioned indices, the following clinical parameters or indicators of 
periodontitis were recorded:
Dental status decaying missing and filled teeth (DMFT). The number of decayed, 
missing and filled teeth was recorded by DMFT index. The DMFT score was recorded by visual 
examination using mouth mirror and probe. All teeth showing caries and decay including enamel 
and dentine layers of the crown and root were assigned to the D (decayed) category. Missing 
teeth were allocated to the M (missing) category and restored and filled teeth were assigned to F 
(filled) category.
Dental calculus. This clinical parameter is recorded as a part of CPI. Based on its 
location on tooth surface, dental calculus was divided into two categories: subgingival (below the 
gingival margin) and supragingival (above the gingival margin) calculus.
Periodontal pocket depth (PPD). Pocket depth that is the total distance from the free 
marginal gingiva to the base of the periodontal pocket was measured by using W.H.O. 
periodontal probe (Sullivan, 2009). The pocket depth was scored to the closest whole number (in 
mm) at all four surfaces on every tooth (buccal, lingual, mesial and distal). Pockets were 
recorded as a part of CPI and scoring ranged from 0-4.
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Bleeding on probing (BOP). Presence or absence of bleeding following probing at the 
bottom of the pocket was recorded by CPI.
The loss of attachment (AL). AL measures the extent of loss of periodontal tissue 
support, in terms of the detachment from the cemento-enamel junction (CEJ) to the base of 
periodontal pocket. Standardized scoring criteria for loss of attachment was as follows; CEJ not 
visible=0, Loss of attachment 4-5 mm=l, Loss of attachment 6-8 mm=2, Loss of attachment 9- 
11 mm=3, Loss of attachment more than 12 mm=4. For each sextant (group of six teeth), the 
highest score was measured and was used to determine the level of attachment loss for that.
Participants were classified as: No periodontitis= > 1mm of attachment loss, Mild 
periodontitis = 1-2 mm (0.039-0.079 in) of attachment loss, Moderate periodontitis = 3-4 mm 
(0.12-0.16 in) of attachment loss, and Severe periodontitis = > 5 mm (0.20 in) of attachment 
loss.
The detailed description o f the clinical procedures for recording these indices is presented
below:
DMFT- Index (With W.H.O. Modification)
The DMFT index is a basic, quick, flexible, globally accepted and adaptable 
measurement that has been utilized worldwide since long time. This index is an irreversible 
index, measuring total lifetime caries experience and periodontal status (Peter, 2006). This study 
used this index to collect the baseline information pertinent to subject’s periodontal health and 
dentition status.
Procedure. There are three basic components o f DMFT score:
D- Defines decayed teeth 
M- Defines missing teeth due to caries
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F- Defines teeth that have been previously filled.
To obtain the DMFT Index, all 32 teeth were examined under favorable lighting 
conditions and using No. 3 plain mirror and a fine-pointed pigtail explorer. The sum of total 
decayed, missing or extracted due to decay and filled (either permanent or temporary 
restorations) teeth represented the DMFT Index score.
The following teeth were not included in the examination (Peter, 2006):
• Missing or un-erupted teeth.
• Congenitally missing and supernumerary teeth.
• Teeth removed for reasons other than dental caries, such as orthodontic treatment or 
impaction.
• Teeth restored for reasons other than caries, such as trauma (fracture), cosmetic 
purpose or for use as a bridge abutment.
• Retained primary tooth even after eruption of the permanent successor. In such cases, 
permanent teeth were evaluated as a deciduous tooth cannot be included in this 
DMFT index (p. 170).
Criteria for Identification of Dental Caries:
The following criteria were used to identify dental caries and categorize tooth as decayed or 
filled (Peter, 2006):
• Clinically visible and identifiable lesion.
• Tip o f the dental explorer able to deeply penetrate into soft underlying tissue.
• Presence of undermined or demineralized enamel indicated by discoloration or lack 
of translucency.
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• Catching of the explorer tip in the deep retentive pit and fissures and presence 
softness at the fissure base (p. 171).
Examination Method
“D”- Decayed. In counting the number of decayed permanent teeth, a tooth was only 
counted once (Peter, 2006). It was not counted as both decayed and filled. If it was restored but 
caries were still detectable, the tooth was categorized as decayed and not restored. Temporary 
restorations were also considered decayed.
“M” Missing. As mentioned earlier, the following teeth were not considered as missing: 
unerrupted teeth; missing teeth due to accident; congenitally missing teeth and teeth that have 
been extracted due to orthodontic reason. Furthermore, a tooth was considered as present even if 
the crown seems completely destroyed and only roots were left (Klein, Palmer & Knutson, 1998; 
Peter, 2006).
Teeth that were so badly decayed that they have been indicated for extraction were 
counted as missing. Histories were taken when it was suspected that teeth had been lost for 
reasons other than the caries.
Filled “F”. This indicates the number of permanent teeth that were decayed but were 
presently restored to a healthy condition. A tooth may have several fillings but was counted only 
once. “If a tooth had filling but showed evidence of recurrent decay, it was counted as a decayed 
tooth” (Peter, 2006).
Calculation of the Index
The maximum number of an individual DMFT was 32, including the third molars.
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Individual DMFT. For recording individual DMFT score, subject’s score of each 
component (D, M, F) was recorded separately and then added together to get the total value of 
DMFT.
Total D+M+F= DMF
Group average. In order to get group average, total DMFT score of all individuals was 
divided by the sum of the number of individuals in the each group.
Average DMF= Total DMF/Total number of subjects examined.
Percent of teeth lost. To ascertain the percent of teeth lost, total of “M” segment was 
divided by the aggregate number of the teeth examined.
Percent of teeth lost= Total number of missing teeth/total number examined. 
Community Periodontal Index (CPI)
In order to diagnose periodontitis and to measure the severity of the disease, this study 
used the CPI. This index is a modified version of the previously used Community Periodontal - 
Index of Treatment Need (CPITN). The modification is achieved by the addition o f a new 
measurement of “Loss of Attachment” and elimination of the “Treatment Needs” category 
(Peter, 2006, p. 174). Thus, the CPI has two components: CP component and Loss of Attachment 
(LA) component.
Indicators. Three indicators of periodontal status were used in this index: 1) gingival 
bleeding; 2) dental calculus; and 3) periodontal pockets.
Instrument. A specially designed lightweight CPI probe with 0.5 mm ball tip was used. 
This probe had two markings in the form of a black band between 3.5 and 5.5 mm and in the 
form of a ring at 8.5 and 11.5 mm from its tip. The tip of the probe is ball shaped. This probe 
was earlier known as “CPITN -  C” probe (Baelum & Papapanou, 1996).
Figure 7: CPI probe. Retrieved from Miyaki, Masaki, Naito, Naito, Hoshi & Nakayama, (2006). 
Procedure
The mouth was divided into six sextants (group of six teeth), i.e., 18-14, 13-23, 24-28, 
38-34, 33-43, and 44-48. As per the W.H.O. sextant was included in the examination only when 
“there were two or more teeth present and not indicated for extraction” (Peter, 2006,175).
The figure 8, below demonstrates the six sextants to be used for recording community 
periodontal index.
segm ent 2
segment 1 segment 3
segment 4
segments
Figure 8: Sextants for CP index. Retrieved from Miyaki, Masaki, Naito, Naito, Hoshi & 
Nakayama, (2006).
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Index Teeth. As described by W.H.O, (W.H.O., 1997), the teeth to be examined for 
adults aged 20 years and over are:
Table 3
Index tooth. Retrieved from Peter, 2006.
Upper Right 
Second Molar 
(17)
Upper Right First 
Molar 
(16)
Upper Central 
Incisor 
(11)
Upper Left First 
Molar 
(26)
Upper Left 
Second Molar 
(27)
Upper Right 
Second Molar 
(47)
Upper Right First
Molar
(46)
Upper Central
Incisor
(41)
Upper Left First
Molar
(36)
Upper Left 
Second Molar 
(37)
16
17
31
Figure 9: Index tooth for subjects above 20 years of age. Retrieved from Miyaki, Masaki, Naito, 
Naito, Hoshi & Nakayama, (2006).
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Paired measurements were taken from two molar teeth in each sextant. In case of missing 
member of this pair, no replacement tooth was used. In the absence of all the index teeth or tooth 
in a sextant designated for examination, all other remaining teeth in that sextant were included in 
the examination. Highest score in each sextant was used as the reflective score for that sextant.
As per W.H.O. guidelines distal surfaces of third molars were not scored (Peter, 2006, p. 175). 
The probing procedure for sensing gingival pockets and calculus is as per below: 
Detecting Calculus and gingival pocket depth. In order to determine the pocket depth 
and detect subgingival calculus and bleeding on probing, the selected index tooth was probed by 
using the CPI probe as a sensing instrument. Following the W.H.O. guidelines, the CPI probe tip 
was gently inserted into the gingival sulcus and was moved around all the four surfaces of the 
tooth. Total amount of pocket depth was explored (Peter, 2006). The lightest possible force 
around 20gm was used to move the probe tip around the sulcus and pain and discomfort to the 
subject was maintained to be negligible or very minimum. The desired force was determined by 
placing the probe point under the thumb and pressing until blanching occurs, a practical test 
described by the W.H.O. (Miyaki et al., 2006, W.H.O, 1997).
Tooth Examination and Score Recording
Designated index teeth, or in cases where there was no index tooth present in the sextant 
all other remaining teeth, were examined and the highest score was recorded of each sextant. The 
scoring criteria were as follows:
Table 4
Scoring criteria for CPI index. Retrieved from Peter, 2006.
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0 Healthy
1 Bleeding observed
2 Calculus detected, but black band on probe is visible
3 Pocket 4 -5  mm (gingival margin within black band)
4 Pocket 6 mm or more ( black band not visible)
X Less than 2 teeth present
9 Not recorded
Loss of Attachment
This is an additional component of the CPI. In order to obtain an “estimate of the lifetime 
accumulated destruction of the periodontal attachment”, the information on loss of attachment 
was collected from the index teeth (Peter, 2006, p. 175). This permitted the researcher to compare 
the study groups by classifying the subjects into various categories of periodontitis severity 
(absent, mild, moderate, severe).
According to Soben Peter (2006):
The most reliable way of examining for loss of attachment in each sextant is to record 
this immediately after recording the CPI score for that particular sextant. The highest 
scores for CPI and loss of attachment may not necessarily be found on the same tooth in a 
sextant, (p. 175)
Therefore, LA score was recorded soon after recording the CPI score. Amount and severity of 
lattachment loss (LA) was recorded using the following codes:
Table 5
LA coding. Retrieved from Peter, 2006.
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0 LA G-3mm (CEJ not visible and CPI score 0-3) -  If the CEJ is not visible and 
the CPI score is 4 or if  the CEJ is visible and loss of attachment
1 4 -5 mm (CEJ within black band)
2 LA 6-8 mm (CEJ between the upper limit of the black band and the 5 -  8 mm 
rings).
3 LA 9-12 mm (CEJ between the 8.5 mm and 11.5 mm rings)‘4’- LA 12mm or 
more (CEJ beyond die 11mm ring)
X Excluded sextant (Less than 2 teeth present)
9 Not recorded (CEJ neither visible nor detectable)
Based on the LA scores, participants were classified as: Absent= < 1 mm of attachment 
loss; mild periodontitis = 1-2 mm (0.039-0.079 in) of attachment loss; moderate periodontitis = 
3-4 mm (0.12-0.16 in) of attachment loss, and severe periodontitis = > 5 mm (0.20 in) of 
attachment loss.
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Chapter Four 
Ethical Consideration
Ethical clearance was given by the MGMG Hospital, and the UNBC Ethics Review 
Board. Permission to examine both cases and controls was obtained from Heads of the respective 
departments of MGMG Hospital. All the patients admitted to the department of cardiology, and 
department of trauma at the MGMG hospital were asked to participate in the study on a 
voluntary basis. After explaining all the possible risks and benefits associated with participation 
in this study, informed consent was taken from both the cases and controls. Based upon the 
reading capabilities, consent forms were provided to the participants both in English and in 
regional language (Hindi/Punjabi). After providing detailed description followed by questioning 
opportunity, the forms were left with the subjects to review and sign. The signed forms were 
collected the next day. The provision of thumbprint was also made available to the subjects who 
cannot write, however, the researcher did not face any such circumstances. Upon receiving their 
informed consents, participants were assessed based on the inclusion and exclusion criteria. Only 
candidates who met the requirements of the criteria were recruited for the study. In order to 
collect the periodontal data, selected cases and controls underwent a thorough oral examination. 
There were no experimental or invasive procedures involved in the examinations. Further, in 
order to minimize discomfort to participants, the examinations were carried out at patient’s 
bedside and all data was collected in a single sitting (one session of examinations). This study 
did not require any modification in participants’ daily activities, such as fasting or any other 
dietary restrictions before or after oral examination, transportation for oral examinations, post 
examination discomfort and any fixed timing for examination. The entire procedure was very 
flexible as per participant convenience and they were able to carry out normal daily routine
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activities. The risk of spread of germs was minimized through the use of experienced personnel 
using strict infection control procedures (sterilization).
All possible efforts were made to keep participants’ personal information confidential. 
While the results of this research study may get published in a scientific journal in the future, the 
identity of the participants as well as their records are kept strictly confidential and can only be 
assessed by the study personnel. With the exception of the consent form that was signed by the 
participants and had their names on it, participant’s unique ID number was used as their record 
identifier. All patient related data was stored in password protected electronic device (at the 
UNBC) and after submission of the final report, all the data related to this study will be 
destroyed.
69
Chapter Five 
Research Findings
The study examined the association between acute myocardial infarction and periodontal 
diseases using cross sectional design. The analysis was carried out using the SPSS/PC Windows 
version 21.0 software package (IBM, Inc.). The sample size taken for the study was 80 
(Cases=40, Control=40).
Analytical Plan
The univariate association between the studied variables, acute MI and periodontitis 
(dichotomized) was analyzed with the appropriate test. A significance level of p<0.05 was 
considered significant and the odds ratios with 95% confidence intervals were calculated. The 
reason behind using p (.05) is that this gives us fair opportunity to reject or keep the null 
hypothesis, and reduces the chances of type II error. Whereas, keeping it low as (.01) will make 
it difficult to reject the null and might lead to under-estimation of association between the 
variables. Also, as the study has utilized the observer blinding procedure, 95% confidence level 
(alpha) can be considered as a significant level to reject or keep the null hypothesis. Further, 
conditional logistic regression analysis (1:1 matched pairs) was used to assess the independent 
contribution of periodontal diseases to the risk of acute myocardial infarction and also to find the 
relationship between AMI and other possible explanatory variables. The risk factors which came 
out to be significantly associated with AMI/ periodontitis in the preliminary analysis, such as 
hypertension, dietary habits, tobacco habit, smoking, dietary habits, family history o f diabetes, 
were forced into the model. The following coding was done to examine the association between 
different variables and AMI or periodontitis. Socio economic status=0 (Reference category): 
Lower; l=Upper Lower; 2=Lower middle; 3=Upper middle; 4=Upper. Family history=0
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(Reference category): No; l=Yes. Exercise=0 (Reference category): Yes; l=No. Hyper 
tension=0 (Reference category): No; l=Yes. Diabetes=0 (Reference category): No; l=Yes. 
Dietary habit=0 (Reference category): Vegetarian; l=Mixed. Smoking habit=0 (Reference 
category): Non-smoker; 1= Former smoker; 2=Smoker. Smokeless tobacco habit=0 (Reference 
category): Non-users; 1= Former user; 2=Current user. Alcohol drinking=0 (Reference 
category): Non-drinker; 1= Current drinker; 2=Irregular abstainer. Marital status=0 (Reference 
category): Unmarried; 1= Married; 2=Divorced. BMI=0(Reference category): Underweight; 
l=Normal; 2=Over weight; 3= obesity. The following section presents the results.
Descriptive statistics and preliminary analyses.
Association between acute myocardial infarction and study variables. The table below 
presents the association between Acute Myocardial Infarction and study variables. The results 
showed that odds of outcome (AMI) were significantly higher in subjects with periodontitis, 
smoking habits, hypertension and mixed dietary habits. Out of the total 80 patients, the majority 
of the periodontitis patients (82.5%) were present within the case group (AMI patients)
(p=0.026). Similarly, the prevalence of smoking (52.5% vs. 27.5%, /?=0.031) and hypertension 
(52.5% vs. 47.9%, p<0.05) was higher in cases than in controls. Further, the controls consumed 
significantly more vegetarian foods in comparison to the cases (85% Vs 55% p=0.04). In 
contrast, there was no statistically significant association between acute myocardial infarction 
and tobacco habits, alcohol drinking, family history of cardiovascular disease, regular exercise, 
diabetes, socioeconomic status, marital status or body mass index (BMI).
Table 6
Association between Acute Myocardial Infarction and study variables
71
Variables Controls (n=40) Cases (n=40) Odds ratio (95% Cl) P-value
Periodontitis 0.026*
status, n (%)
Absent 16(40.0) 7(17.5)
Present 24 (60.0) 33 (82.5) 3.14(1.1120-8.822)
Smoking habits 0.031*
Non-smoker 11 (27.5) 11 (27.5)
Former smoker 18 (45.0) 8 (20.0) 0.444 (0.137-1.446)
Smoker 11 (27.5) 21 (52.5) 1.909 (.630-5.789)
Smokeless 0.962
Tobacco habits
Current User 13 (32.5) 14(35.0) 1.077 (0.374-3.101)
Former-Users 13(32.5) 12 (30.0) 0.923 (0.314-2.716)
Non-Users 14(35.0) 14 (35.0)
Alcohol drinking 0.569
Non-drinker 16 (40.0) 12 (30.0)
Current drinker 17 (42.5) 18(45.0) 1.412(0.519-3.836)
Irregular abstainer 7(17.5) 10 (25.0) 1.905 (0.5612-6.464)
Family history of 0.485
Cardiovascular
disease
No 27 (67.5) 24 (60.0)
Yes 13 (32.5) 16(40.0) 1.385(0.554-3.458)
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Exercise regularly
No 23 (57.5) 24 (60.0)
Yes 17(42.5) 16(40.0) 0.901 (0.455-2.701)
Hypertension
No 34 (85.0) 19 (47.5)
Yes 6(15.0) 21 (52.5) 6.25 (2.1549-18.20)
Diabetes
No 32 (80.0) 29 (72.5)
Yes 8 (20.0) 11 (27.5) 1.517(0.536-4.293)
Socioeconomic
status
Upper 3 (7.5) 3 (7.5)
Upper middle 19(47.5) 14(35.0) .737 (0.129-4.210)
Lower middle 7(17.5) 5(12.5) .714 (.100-5.118)
Upper lower 6(15.0) 11 (27.5) 1.833(0.279- 12.066)
Lower 5(12.5) 7(17.5) 1.400 (0.195- 10.032)
M arital status
Married 32 (80.0) 27 (67.5)
Unmarried 6(15.0) 11 (27.5) 2.1728 (0.710- 6.6512)
Divorced 2 (5.0) 2(5.0) 1.185 (0.1563-8.986)
Dietary habits
Vegetarian 34 (85.0) 22 (55.0)
Mixed 6(15.0) 18(45.0) 4.62(1.59-13.494)
0.820
0.0008*
0.431
0.576
0.388
0.0039*
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BMI (Kg/m2) 24.2±3.7 25.9±4.3 0.056
*p<0.05; BMI are represented as Mean ± SD
Association between periodontitis and study variables. The table below presents the 
association between Periodontitis and study variables. The results showed that odds of outcome 
(periodontitis) were significantly higher in subjects with smoking habits, hypertension and 
alcohol drinking (p<.05), suggesting higher chances of periodontitis disease occurrence among 
smokers, alcohol drinkers and hypertensive patients. Almost half (47.4%) of the patients with 
periodontitis were current smokers and alcohol drinkers (52.6%). Further, hypertension events 
were also found to be significantly higher in periodontitis group (43.9%) in contrast to non­
periodontitis subjects (8.7%) (p<.01) However, there was no statistically significant association 
between periodontitis and smokeless tobacco habits, family history of cardiovascular disease, 
exercise regularly, diabetes, socioeconomic status, marital status and dietary habits.
Table 7
Association between Periodontitis and study variables
Variables Absent Present Odds ratio (95% Cl) P-value
(n=23) (n=57)
Smoking habits, n (%) 0.057*
Non-smoker 10(43.5) 12(21.1)
Former smoker 8(34.8) 18(31.6) 1.875 (0.575-6.116)
Smoker 5(21.7) 27(47.4) 4.5(1.263-16.036)
Smokeless Tobacco 0.122
habits
Current User 4(17.4) 23(40.4) 3.721 (1.009-13.718)
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Former-Users 8(34.8) 17(29.8) 1.375(0.443-4.265)
Non-Users 11 (47.8) 17(29.8)
Alcohol drinking 0.041*
Non-drinker 11 (47.8) 17 (29.8)
Current drinker 5 (21.7) 30(52.6) 3.882(1.1541-13.059)
Irregular abstainer 7(30.4) 10(17.5) 0.924(0.2707-3.156)
Family history of 0.492
Cardiovascular disease
No 16(69.6) 35 (61.4)
Yes 7(30.4) 22(38.6) 1.4367(0.247-1.961)
Exercise regularly 0.448
No 12(52.2) 35(61.4)
Yes 11 (47.8) 22(38.6) .686 (.258-1.821)
Hypertension 0.003**
No 21 (91.3) 32(56.1)
Yes 2(8.7) 25 (43.9) 8.203 (1.7553-38.337)
Diabetes 0.153
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No
Yes
Socioeconomic status
Upper
Upper middle 
Lower middle 
Upper lower 
Lower
Marital status
Married 
Unmarried 
Divorced 
Dietary habits
Vegetarian
Mixed
20(87.0) 41 (71.9)
3(13.0) 16(28.1)
2 (8.7) 4 (7.0)
13 (56.5) 20(35.1)
3(13.0) 9(15.8)
3(13.0) 14(24.6)
2(8.7) 10(17.5)
18(78.3) 41(71.9)
4(17.4) 13(22.8)
1 (4.3) 3 (5.3)
16(69.6) 40(70.2)
7(30.4) 17(29.8)
2.602 (0.679-9.976)
0.400 (0.041-3.900) 
0.308 (0.058-1.636) 
0.600 (0.081-4.447) 
0.933 (0.131-6.657)
1.4268 (0.4087-4.981) 
1.317(0.128-13.5378)
1.029 (0.359-2.953)
0.427
0.843
0.957
76
Conditional logistic regression analysis. Following the preliminary analysis conditional 
logistic regression analysis was used to assess the independent contribution of periodontal 
diseases to the risk of acute myocardial infarction and also to find the relationship between an 
AMI event and possible explanatory variables. All variables found to be significantly associated 
with AMI and periodontitis with p value less than 0.2 were analyzed using the regression model 
(Hosmer & Lemeshow, 2000). These variables included periodontitis, hypertension, alcohol 
drinking, diet, BMI, smoking and smokeless tobacco habits and diabetes. Difference variables 
were computed for each of the covariates. Correlations between variables to be introduced in the 
model were checked by using appropriate test (Chi Square test). However, given the technical 
complications of dealing with the matched case-control data in SPSS, outlier pairs were not 
identified or removed.
The conditional logistic regression estimated the odds ratio, and an exact 95% confidence 
interval. This analysis allowed the researcher to include the predictor variables (covariates) one 
by one into the subsequent models. This provided estimated coefficients for each of the 
covariates and allowed the researcher to evaluate the effect of various covariates in the same 
model and construct a final model. Table 8, below presents the final model representing the 
association between AMI and Periodontitis using Conditional logistic regression.
Table 8
Conditional logistic regression
Parameter Estimates
Acute Myocardial Infarction B Std. Error Wald df Sig. Exp(B)
1 diff periodontitis 1.945 .824 5.571 1 .018 6.996
Diffdiet 2.098 .893 5.517 1 .019 8.152
Diff hypertension 1.641 .797 4.236 1 .040 5.161
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Parameter Estimates
95% Confidence Interval for Exp(B)
Acute Myocardial Infarction Lower Bound Upper Bound
1 diff periodontitis 1.391 35.188
Diffdiet 1.415 46.946
Diff hypertension 1.081 24.635
Dependent variable (outcome): Acute Myocardial Infarction
Conditional logistic regression analysis outcomes indicated the presence of a significant 
association between AMI and periodontitis (Exp (B) =6.996, p= .018 < .05) even after 
introducing other study variables in to subsequent blocks. Periodontitis was found to be associate 
with odds ratio of 6.996, which indicates that odds of outcome (AMI event) is 6.996 times higher 
in subjects with periodontitis than the subjects without periodontitis. Nevertheless, hypertension 
(Exp (B) = 5.16, p (.040) <0.05), dietary habits (Exp (B) =8.152, p (.019) <0.05) were also found 
to be significantly increasing the probability of hazardous outcome (AMI). However, the 
confidence intervals around the odds ratios were relatively wide. This indicates that need of more 
data collection for precise estimation of effects. Thus, larger study utilizing bigger sample size is 
required.
Statistical Analysis of Other Clinical Parameters (DMFT, CPI and LOA Scores)
Test for normality. To test the assumption of normality, the study used the 
Kolmogorov-Smimov and Shapiro-Wilks test. From this test, the Sig. (p) value was compared to 
the priori alpha level (level of significance for the statistic) -  and a determination was made as to 
reject (p < a) or retain (p > a) the null hypothesis. The Table 9 below shows that where a  =
0.001, given that p <0.001 and p<0.05 for the each of the levels of the Independent Variable. 
Hence, we can conclude that the variables were not normally distributed. Therefore, the 
assumption of normality was not met for this sample.
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Table 9
Test for Normality
Case/Control Kolmogorov-Smirnov Shapiro-Wilk
Statisti df Sig. Statisti df Sig.
c c
Case D M FTS .170 40 .005 .915 40 .005
CPI_S .308 40 .000 .734 40 .000
LOA_S .315 40 .000 .747 40 .000
Contro D M FTS .145 40 .034 .936 40 .025
1 CPI_S .194 40 .001 .865 40 .000
L O A S .254 40 .000 .816 40 .000
Test for homogeneity of variance (equality of variances). Further, to test the 
assumption of homogeneity of variance, where the null hypothesis assumes no difference 
between the two group’s variances (HO: 2 a  1 = 2 a  2), a non-parametric Levene’s test for 
equality of variances is the most commonly used statistic to verify the equality of variances in 
the samples (homogeneity of variance) especially for non-normally distributed data. Therefore, 
Kruskal Wallis one-way analysis Leven’s test was applied. The Levene’s test uses the level of 
significance set a priori for the t test analysis (e.g., a = .05) to test the assumption of 
homogeneity of variance. However, in SPSS it is challenging to execute Leven’s test for non- 
normally distributed data in one-step. Hence, steps were applied to create three new variables 
such as ranked data, group mean ranks and deviation from mean ranks. Finally, the differences 
were computed using ANOVA and the p value was found to be < 0.05, and hence null
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hypothesis is rejected and assumption was made that the differences in variances between the 
groups were statistically significant. Hence, homogeneity of variance was not met.
Table 10
Test Statistics
Indivi_DMFT In d iv iC P I Ind iv iL O A
Chi-Square .777 .999 4.026
Df 1 1 1
Asymp. Sig. .378 .318 .045
a. Kruskal Wallis Test
b. Grouping Variable: Case/Control
Test of Homogeneity of Variances
Levene Statistic dfl df2 Sig.
IndiviDM FT .292 1 78 .0 5 9
IndiviCPI 39.444 1 78 .0 0 0
IndiviLOA 1.450 1 78 .032
Mann-Whitney U and Wilcoxon W  te s t : comparing medians. As the data is non- 
homogenous and non-normally distributed, Mann-Whitney U and Wilcoxon W tests were used 
to compare the median scores of DMFT, CPI and LOA scores, and also to check the significance 
of differences.
Null Hypothesis: Median score of DMFT, CPI and LOA is same for both case and control. 
Alternative hypothesis: Median score of DMFT, CPI and LOA differs between case and control.
80
Table 11
Test Statistics
DMFT Score CPI Score LOA Score
Mann-Whitney U 403.500 340.500 374.500
Wilcoxon W 1223.500 1160.500 1194.500
Z -3.825 -4.634 -4.236
Asymp. Sig. (2-tailed) .000 .000 .000
Grouping Variable: Case/Control
Since p value was less than 0.05, for DMFT, CPI and LOA scores, it was concluded that 
the data provide statistically significant evidence illustrating that there is a significant difference 
between cases and controls in terms of median DMFT, CPI and LOA scores. The values of Mann 
Whitney U were reported as follows: (DMFT z=-3.825, P=0.000), (CPI z=-4.634, P=0.000) and 
(LOA z=-4.326, P=0.000).
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Chapter Six 
Discussion
The present case-control study was specifically carried out to investigate the possibility of 
association between acute myocardial infarction and periodontitis independent of the 
confounding effects of other covariates and risk factors such as smoking, hypertension, diabetes, 
diet, BMI etc. In this case-control study, the periodontal status was recorded in 40 cases (patients 
with AMI) and 40 controls (trauma patients). Before discussing the findings of the study, some 
aspects of the validity will be addressed and evaluated.
This study used the latest and most updated criterion to define and diagnose periodontitis 
disease status. The ambiguities in results of studies exploring the possible association between 
AMI and periodontitis could be due to using varying or inadequate definitions of periodontitis 
and also due to study designs not accounting for proper control subjects. Hence, in this study, the 
latest W.H.O. criterion was used to define periodontitis, and significant efforts were made to 
enroll carefully matched control subjects that received specialist examination of both 
cardiovascular and dental status.
Further, regarding the selection of cases and controls, the researcher confirmed that they 
were derived from the same population sub group (North Indian). Additionally, 1:1 matching 
was done for the age and gender variables and one matched control was selected for each case 
Thus, the design of this study ensured to recruit matched cases and controls that had similar 
backgrounds which could help minimize some possible confounding variables in further data 
analysis. Further adding to the validity of the findings, instead of using self-reports or 
questionnaires, this study utilized thorough oral examinations and clinical evaluations to access 
subjects’ periodontal health status. Moreover, these examinations were conducted by an external
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examiner (a dentist) who was completely unaware of subjects’ case-control status. This observer 
blinding further helped reduce the chances of observation bias in the study.
Additionally, in this study, oral hygiene indexes were not considered as clinical 
parameters of periodontitis because the cases which are the AMI patients could be expected to 
show worse scores due to their longer hospital and Intensive Care Unit stay. Furthermore, acute 
myocardial infarction patients usually receive anticoagulant drug treatment, which could increase 
the gingival bleeding measurement. However, indices that were used in the study such as loss of 
attachment (LOA) and CPI scores would not be affected by the aforementioned bias because 
significantly longer periods (months or years) are required for the destruction of periodontal 
support and affect the LOA and CPI scores. Therefore, it is highly unlikely that these possible 
biases could have affected the findings of this study.
The results of this study revealed that periodontitis is a significant predictor of AMI even 
after adjusting for the confounding variables such as tobacco habit, smoking, dietary habits, 
family history of diabetes, hypertension, exercise, socioeconomic status, and marital status. 
Periodontitis was found to be associated with odds ratio of 6.996 indicating that odds of outcome 
(AMI event) were nearly seven to one in subjects with and without periodontitis. Thus, exposure 
(periodontitis) was associated with higher odds of outcome (AMI). This study finding supports 
the findings of various other authors (Kimmo & Mattila et al., 2008; Cueto et al., 2005; Cueto, 
Mesa, Bravo & Ocana-Riola, 2005; Lopez, Oyarzu, Naranjo, Cumsille, Ortiz & Baelum, 2002; & 
Mireille et al., 2007) who found a significant relationship between periodontitis and AMI. These 
researchers found that the association between these two diseases remained statistical significant 
even after adjusting for other potential risk factors. In the present study, tobacco habit, smoking, 
dietary habits, family history of cardiovascular disease, hypertension, exercise, socioeconomic
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status, and marital status were included as possible confounders, as all of these can individually 
serve as possible risk factors for AMI. However, the study results revealed that periodontitis 
remained a significant predictor of AMI even after adjusting for these confounding variables. 
Thus, this study findings support the presence of an independent association between AMI and 
periodontitis which cannot be explicated by the common risk factor hypothesis. The observed 
association can be attributed to few other alternative hypotheses discussed in the literature 
review section that indicate the possibility of a causal relationship between these two conditions. 
These hypotheses include: Firstly, the effects of endotoxins produced by the periodontal 
pathogens in the circulation that can cause general endothelial dysfunction, and can induce 
platelet aggregation and thromboembolic events (Holmlund et al., 2011; Stein et al., 2011). 
Secondly, the role of heat shock proteins (Choi et al., 2002; Ford et al., 2006) and C-reactive 
proteins leading to increased phagocytic activity and liberation of nitrous oxide causing creation 
of atheromas in vascular bed and eventually resulting in an AMI event (Kanaparthy, Kanaparthy 
& Niranjan, 2012; Mantyla et al., 2012). Thirdly, the infection induced perturbations in lipid 
profiles according to this, endotoxins produced by periodonto-pathogenic bacteria result in an 
elevation of serum triglycerides and release of pro inflammatory cytokines (like IL-I, IL-6, and 
TNF- 1) leading to increase in the risk of developing AMI (Katz, Flugelman, Goldberg & Heft, 
2002). And finally, the formation of acute-phase reactants and pro-inflammatory cytokines acute 
phase leading to subsequent AMI event (Dave & Van Dyke, 2008; Hingorani & D’Aiuto, 2008). 
However, as mentioned earlier, being a non-experimental case-control study this study neither 
verifies the aforementioned explanations nor establishes the causality of this association.
Conversely, this study finding is in contrast with the few past studies (Hujoel et al., 2002; 
Howell 2001;Tuominen et al., 2003; Muller, 2001) that reported that the observed association
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between these two conditions was due to sharing common risk factors and after accounting for 
factors common to both periodontal disease and cardiovascular diseases, these studies found no 
significant association between periodontal disease and cardiovascular diseases, including AMI. 
This diversity in findings can be attributed to the use of dissimilar study designs, residual 
confounding, use of dissimilar definitions of outcome or predictor variables, use of dissimilar or 
inadequate diagnostic tools for periodontitis disease assessment, variations in sample sizes and 
sample populations, and different individual immunological responses. For example, a 
randomized, double-blind, placebo-controlled trial conducted by Howell, (2001) reported that 
self-reported periodontal disease was not an independent predictor o f subsequent cardiovascular 
disease. In this trial, no clinical diagnostic tools were used to identify subject’s periodontal health 
status, instead self-reports were used to ascertain the periodontitis disease status. This might lead 
to over or under diagnosis of the periodontitis disease and thus can lead to estimation of biased 
association. Thus, use of diverse or non-standardized diagnostic tools for periodontitis disease 
assessment is one of the key reasons underlying diversity in findings regarding an association 
between AMI and periodontitis.
Further discussing the study findings, hypertension, hypertension (Exp (B) = 5.16, p 
(.040) <0.05), dietary habits (Exp (B) =8.152, p (.019) <0.05) were found to be significantly 
increasing the odds of outcome (AMI) and appeared as an independent risk factors for AMI. 
Without any contrast evidences available so far indicate that hypertension is a well-established 
risk factor for development of atherosclerosis which in turn leads to progression of AMI 
(Bangalore, Qin, Sloan, Murphy, & Cannon, 2010; El-Menyar, Zubaid, & Shehab et al., 2011); 
the findings of the present study are also in agreement with all these previous findings. Further, 
regarding dietary habits, literature indicates that this factor is very closely linked with AMI
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events. Many comparison studies conducted in India reported that people with mixed dietary 
habits (non-vegetarian) tend to have higher risk of obesity and hypercholesterolemia as compare 
to the vegetarians, and thus they (people with mixed dietary habits) are at higher risk of 
developing both AMI and periodontitis (Kundu, Mehta, & Rozra, 2011; Nihalini et al., 2011). 
According to these researchers, the reason behind mixed dietary people being at higher risk of 
developing AMI could be attributed to higher level of cholesterol and fat in the non-vegetarian 
meals, which ultimately works as a risk factor for AMI. Analogous to these findings, this study 
results also indicate that AMI disease status highly depends upon subject’s dietary habits and it is 
a significant risk factor for AMI.
Further, this study found no statistically significant association of risk factors such as 
smoking and smokeless tobacco habits, family history of cardiovascular disease, regular 
exercise, BMI, diabetes, alcohol drinking, socioeconomic status, and marital status with AMI. In 
the preliminary analysis, smoking habits was found to be significantly associated with both AMI 
and periodontitis, however, after adjusting for the other variables in Conditional logistic 
regresion model this association decreased down to a statistically non-significant level. These 
findings are in agreement with few other studies that have not shown any association between 
AMI and the above mentioned risk factors (Fadel, 2012; Tuominen et al., 2003; Muller, 2001; 
Hujoel, Drangsholt, Spiekerman, & Derouen, 2000; Syijanen, 1990). Lack of statistically 
significant association between these risk factors and AMI in this study might be due to small 
sample size, recall bias (family history of cardiovascular disease) and under or over reporting of 
certain variables such as regular exercise, alcohol consumption, smoking and tobacco habits. The 
subjects may not have disclosed habits such as alcohol and tobacco use as these are social taboos 
in India. Further, the observed lack of positive association between alcohol consumption and
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AMI could be due to the fact that moderate consumption of alcohol may raise HDL cholesterol 
level and in turn can work as a protective factor rather than a risk factor for AMI. This protective 
effect of alcohol is being report by several prospective and case-control studies (Hines, Stampfer, 
& Ma et al., 2001; Edmond et al, 2005; Yusuf, Hawken, & Ounpuu et al., 2004). However, this 
study’s findings do not actually prove the protective effect of alcohol, and merely reports that 
alcohol drinking is not significantly associated with increased chances of AMI events. Also, the 
frequency and amount o f alcohol consumption was not recorded in this study.
However, on the other hand, these findings are in contrast with some researches (Ali, Al- 
Aqeedi & Gehani, 2011; Critchley & Unal, 2003, Laonigro, Michele, Matteo & Emanuele, 2009; 
Griselda, 2010, Jeemon, Reddy, 2010) that reported presence of a positive association between 
the above mentioned variables and AMI. The reason behind diversity in findings can again be 
attributed to the use of dissimilar study designs, diagnostic tools and definitions, data analysis 
methodologies, and improper control and adjustment for confounding variables.
In addition to the periodontitis assessment, the researcher of this study also analyzed the 
distribution of various other clinical parameters of oral and periodontal health (such as DMFT, 
CPI and LOA scores) among case and control subjects of this study. When the number of 
decayed teeth, number of missing teeth and number of filled teeth were assessed in non- 
parametric tests (Mann-Whitney U and Wilcoxon W test), all these parameters were found to be 
significantly higher in the case group as compared to the control group. Moreover, community 
periodontal index (CPI) and loss o f clinical attachment (LOA) scores were also found to be 
significantly higher among the AMI patients (case group). This indicates that the case group is 
having significantly poor overall oral and periodontal health in comparison to the control group 
of the study. This is in agreement to many other studies (Kaisare, Rao & Dubash, 2007; Samani
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et al., 2013; Zamirian, Raoofi, Khosropanah, & Javanmardi; 2008) with similar findings. The 
suggested reason underlying this observed association between numbers of missing and decayed 
teeth, and AMI is the reduced chewing ability due to the teeth loss thus leading to change in 
dietary patterns and resulting in higher intake of soft high-calorie foods containing large amounts 
of carbohydrates and fats. Additionally, loss of clinical attachment (LOA) and increased 
periodontal pocket depths (CPI) support the overgrowth of various periodontal pathogens 
bringing about higher concentration of bacterial endotoxins which as discussed previously may 
lead to elevation of serum triglycerides and release of pro inflammatory cytokines (like IL-I, IL- 
6, and T N F -1). This in turn results in significant increase in the risk of developing AMI (Katz, 
Fugleman, Goldberg & Heft, 2002). Conversely, on the other hand, this study finding is in 
contrast with one other study conducted with Indian population (Nagaraj et al., 2011) which 
showed non-significant differences in dental caries (DMFT) between case and control group, and 
a very mild increase in the level of periodontitis in cases with coronary heart disease in contrast 
to healthy controls. However, as mentioned in the study limitations (Nagaraj et al., 2011) these 
non-significant results may be due to a selection bias since the controls drawn in this study were 
those who visited for CVD screening package and may be regarded as a health conscious group. 
The researcher of the present study also suggests that the higher number of missing and decayed 
teeth among AMI patients may solely reflect the fact that in general, subjects with poor general 
health awareness level are also prone to have poor dental/oral health awareness level 
predisposing them to have both poor cardiovascular as well as poor oral health status. Thus, to a 
certain extent, the above mentioned fact could explain the significantly higher number of 
decayed, filled and missing teeth in AMI group as compared to the control group. Therefore, the 
causality of these associations is essential to be established. There is a crucial need of large well
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controlled experimental studies and randomized trials involving the baseline assessment of 
subject’s dental and general health awareness levels.
The limitations of this study include non-radiographic diagnosis of periodontitis. 
Periodontitis was defined/diagnosed with clinical measurements only and radiographic 
estimation of the alveolar bone loss could not be performed due to the severity of the medical 
condition of the AMI patients. Thus, it may be considered as one of the weaknesses of this study.
Secondly, this study only included the acute myocardial infarction patients who survived 
and were transferred to the Cardiology Department o f the MGMG hospital, therefore, 
technically, they are prevalent cases rather than incident cases, and this may be the limitation of 
the study. There are chances that the unexamined non-survivors of AMI might be having varying 
degree of periodontitis disease severity than those who survived and admitted to the intensive 
care unit. Further adding to the limitations of this study, being a case-control study with a small 
sample size (80), the study findings cannot be generalized to the entire population and causality 
of the findings cannot be warranted.
Conclusively, the study findings as well as the large body of literature indicate the 
possibility of association between periodontitis and AMI in different population sub groups. This 
study being a case-control design provides further evidence of the role of periodontitis in AMI 
disease incidences in North Indian subjects (MGMG hospital patients). However, as mentioned 
before, this study findings cannot be generalized to the entire North Indian population and 
causality of association between AMI and periodontitis cannot be warranted.
Therefore, in order to identify a definite association between periodontitis and AMI, 
larger and well controlled studies involving socially homogeneous populations and randomized 
clinical trials are of utmost importance. Randomized clinical trials utilizing advanced diagnostic
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tool for periodontitis are of greatest importance for confirming a causal association.
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Chapter Seven 
Conclusion and Recommendations
To the researcher’s knowledge, this case-control study represents the first research on 
periodontitis and acute myocardial infarction in North Indian population sample. Within the 
limits of the study, three key conclusions can be drawn: 1) After considering the possible 
explanations and major confounding variables, there is an independent association between 
periodontitis and acute-myocardial infarction among the subjects o f this study. There are 
significantly higher chances of occurring an AMI event in subjects with periodontitis compared 
to subjects without periodontitis; 2) Number of decayed missing and filled teeth as well as CPI 
and LOA scores is significantly higher in case group. Thus, overall patients with AMI showed 
significantly poor oral and periodontal health status in comparison to the healthy controls; 3) 
Hypertension and dietary habits are also significantly associated with AMI and may serve as 
independent risk factors for AMI.
These study findings suggest that the general dentists and the periodontologists should 
understand their responsibility to identify patients at risk for AMI. A combination of 
periodontitis defined and diagnosed by advanced diagnostic aids and patient’s general health 
case history suggesting risk for AMI should clearly indicate the need of an expedited referral for 
a comprehensive cardiovascular examination.
However, being a case-control study utilizing a small sample size, the study findings 
cannot be generalized to the entire population and the causality of association cannot be 
established. Thus, the researcher proposes that larger and well controlled studies utilizing 
advanced diagnostic tools for periodontitis disease measurement and randomized clinical trials 
are needed to determine the causality of association between AMI and periodontitis. If this
association comes out to be causal, a better control of periodontal diseases is certainly of utmost 
importance for better control and management of AMI and CVDs epidemic, and even if it comes 
out to be non-causal, such a high prevalence of periodontitis and AMI in general population and 
their clustering together in the same population group will still raise an important public health
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Appendix
Appendix A: Informed Consent Form 
Informed consent statement
You are being invited to participate in a research study that is described as follows:
Purpose
The purpose of this study is to investigate the association between periodontal disease 
and myocardial infarction among north Indian adults. This study will try to explore that to what 
extent the relationship between these two conditions is explained by the role of confounders, 
such as diabetes, hypertension, tobacco use, genetics, age, BMI, oral hygiene behaviors and 
alcohol consumption.
Number of People Taking Part in This Study
If you agree to take part and qualify in the screening process you will be the one of the 
approximately 100 subjects participating in this study.
Material and Method
There will be no experimental procedure in this study. After collecting your baseline 
information (demographic and medical) you will have a dental examination. There will be no 
invasive procedure involved in the examination. The examination will be carried out at your 
bedside by using a plain mouth mirror and an explorer or probe. This study doesn’t require any 
modification in your activities and you will be able to carry out your normal routine .
Risk
The exam for gum disease will involve rubbing a dental instrument over the gum tissue 
and may cause mild bleeding. The amount of bleeding will be scored to determine how healthy
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your gums and teeth are. This bleeding is like bleeding that may occure while brushing your 
teeth, if your gums are not as healthy as they should be.
As with any dental procedure, irritation of oral soft tissue (cheek lining and gums) is a 
posibility. The risk of spread of germs is also possible. However, these risks will be reduced via 
the use of experienced personnel using strict infection control procedures (sterilization). 
Benefits
You will receive a free thorough dental checkup. No other health benefits should be 
anticipated from participating in this study. However, by participating in this study you will 
allow us to investigate a possible association between oral health and cardiovascular diseases. 
This in turn, might be useful in planning preventive control measures against cardio-vascular 
disease epidemic and will be of significant public health importance. Until the end of the study, 
your contact information will be kept safe with the researcher and you will be informed of any 
significant new findings developed by this study that may benefit you in staying more healthy 
and fit. The contact information will be destroyed afterwards.
There will be no incentives for your participation in this study.
Confidentiality
All possible efforts will be made to keep your personal information confidential. While 
the results of this research study may be published in a scientific journal in future, the identity of 
the participants as well as their records will be kept strictly confidential. All the data and records 
of this study will be stored in closed cabinates at University of Northern British Columbia that 
can be accessed only by study personnel. With the exception of this form, which will be 
completed by your name on it, your participant number will only be your record identifier.
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Soon after completion of thorough data analysis and a submission of final report, all the 
data related to this study will be destroyed by the researcher.
Voluntary Nature and Withdrawal from the Study
Your participation in this study is purely voluntary. You may withdraw from this study at 
any time without any sort of penalty. There will be no changes in your ability to participate in 
future studies.
Contacts for Questions or Problems
If you have any questions or wish further information please feel free to phone Dr. 
Ramandeep Kaur Sidhu at +1 250-640-4035.
If you are willing to participate in this study, I ask you to initial the first two page of this 
consent, sign and date the following subjects consent:
Subjects Consent
In consideration of above, I give my consent to participate in this research study. I may 
drop out of or be withdrawn from the study without jeopardizing my participation in future 
studies. I acknowledge receipt of a copy of this informed consent statement.
Subject name 
Date................
Signature
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Appendix B: Participant selection criteria
PARTICIPANTS SELECTION CRITERIA
Patient no. Age Gender
History of myocardial infarction
Yes No 
□  □
Stable physical and psychological condition
Yes No 
□  □
Presence of any other chronic and acute inflammatory and infectious 
disease
Yes No 
□  □
Recipient of periodontal treatment with in last three months
Yes No 
□  □
Anti-microbial and antibiotic use with in last one month
Yes No 
□  □
Completely Edentulous dentition or number of teeth present is less than 
20.
Yes No 
□  □
Presence of any kind of maxillofacial trauma
Yes No 
□  □
Presence of pregnancy
Yes No 
□  □
Accepted Rejected□  □
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Appendix C: Questionnaire Form
Participant No  Date..../......../,
Age
Gender • Male □
• Female □
Marital status • Married □
(What is your marital status?) • Unmarried □
• Divorced □
Socioeconomic status • Upper class n
( To be filled through separate questionnaire • upper middle class □
from) • lower middle class □
• upper lower class □
• lower class □
Smoking habits • non-smoker (never smoked) □
(Do you smoke?) • former smoker □
• smoker □
Smokeless tobacco habits • never used " n .............
(Do you use any form of smokeless tobacco?) • former user □
• current user □
Alcohol drinking • Irregular abstainers □
(Do you consume alcohol?) • Non drinkers □
• Current drinkers □
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Regular exercise • Yes □
(Do you exercise regularly?) • No □
Family history of cardiovascular disease • Yes o
(Does anyone in your first-degree relatives • No □
have any form of cardiovascular disease?)
Presence of hypertension • Hypertensive □
(Do you suffer from hypertension?) • Non hypertensive □
Diabetes • Diabetic □
(Are you diabetic?) • Non-diabetic □
Dietary habits • Vegetarian □
(What are your dietary habits?) • Mixed □
BMI Weight=
Height=
BMI =
Researcher’s Signature 
D ate.....................
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Appendix D: Socioeconomic status questionnaire
Socioeconomic Status Questionnaire 
(Kuppuswamy, 2012)
Participant No.... Date
Kuppuswamy’s Score Subject score
Profession or honours 7
Educational
Score
Graduate or post graduate 6
Intermediate or post high 
school diploma
5
High school certificate 4
Middle school certificate 3
Primary School certificate 2
Illiterate 1
Profession 10
Semi-profession 6
Occupation
Score
Clerical, farmer, shop-owner 5
Skilled worker 4
Semi-skilled worker 3
Un-skilled worker 2
Un-employed 1
>32050 12
16020-32019 10
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Monthly 
Family 
income in Rs.
12020-16019 6
8010-12019 4
4810-8009 3
1601-1409 2
<1600 1
Subject’s Total Score
Total Score Kuppuswamy Socioeconomic class Subject’s Socioeconomic class
26-29 Upper
16-25 Upper middle
1 1 - 1 5 Lower/Upper middle
5-10 Lower/Upper Lower
<5 Lower
Researcher’s Signature
Date
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Appendix E: CPI form
COMMUNITY PERRIODONTAL INDEX 
Participant No.................... Date....../ ............ /,
CPI -  Component
Upper
jaw
18 17
Index
tooth
16
Index
tooth
15 14 13 12 11
Index
tooth
21 22 23 24 25 26
Index
tooth
27
Index
tooth
28
Score
Lower
Jaw
48 47
Index
tooth
46
Index
tooth
45 44 43 42 41
Index
tooth
31 32 33 34 35 36
Index
tooth
37
Index
tooth
38
Score
CPI Score n
Loss of Attachment/ LA-Component
Upper
jaw
18 17
Index
tooth
16
Index
tooth
15 14 13 12 11
Index
tooth
21 22 23 24 25 26
Index
tooth
27
Index
tooth
28
Score
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Lower
Jaw
48 47
Index
tooth
46
Index
tooth
45 44 43 42 41
Index
tooth
31 32 33 34 35 36
Index
tooth
37
Index
tooth
38
Score
LOA Score □
Periodontitis Status
Absent n
Mild I I
Moderate □
Severe □
Researcher’s Signature 
Date.............
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Appendix F: DMFT form
DMFT INDEX
Participant No. Date........./ ............. /.
Upper
jaw
18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28
Score
Lower
Jaw
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38
Score
Total Percentage
D
M
F
D+M+F
DMFT Score =
Researcher’s Signature,
Date
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